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GEOLOGY AND ORE DEPOSITS 
OF THE CLINTON MINING DISTRICT 
MISSOULA COUNTY, MONTANA
Davis E. Hintzman 
A B S T R A C T
A pproxim ately fo u r  square  m iles and a l l  a c c e s s ib le  underground 
workings in  th e  C lin to n  m ining d i s t r i c t  o f w estern  Montana were mapped 
and s tu d ie d  in  d e t a i l .  D iscovered in  18?8, the  d i s t r i c t  has produced 
copper, s i l v e r ,  le a d  and g o ld , having  a t o t a l  value o f approx im ate ly  
$100,000. The bu lk  o f t h i s  p ro d u c tio n  has come from  the  Hidden 
T reasu re  and Cape Nome m ines.
The most im p o rtan t rock u n i t  in  th e  a re a  i s  a l a t e  C retaceous 
o r e a r ly  T e r t ia r y  g ra n o d io r i te  stock  which was in tru d e d  tra n s v e rse  to  
no rth w est tre n d in g  fo ld s  of th e  Laramide orogeny. The s to c k  c u ts  l a t e  
Precam brian B e lt ia n  q u a r tz i te s  o f the  M issoula group and a d iabase  
s i l l  which they  c o n ta in . P o s t-s to c k  rh y o d ac ite  porphyry  d ikes were 
in tru d e d  along te n s io n a l  f r a c tu r e s  th a t  c u t a l l  rocks in  th e  d i s t r i c t .  
L a te r  te n s io n a l  f r a c tu re s  p rov ided  openings along which ore m in e ra ls  
were d e p o s ite d .
The ore d e p o s i ts  occur bo th  in  th e  g ra n o d io r i te , as d is c o n tin u ­
ous f i s s u r e  f i l l i n g s  i n  v e in s  th a t  tre n d  n o rth -so u th  and d ip  w est, and 
in  th e  a d ja c e n t q u a r t z i t e s ,  a s  len s-sh ap e d  rep lacem ent b o d ies  in  n o r th ­
e a s te r ly  tre n d in g  sh e a r  zones th a t  d ip  e a s t .  In  o rder o f t h e i r  p a ra ­
g e n e tic  sequence, the  o res  c o n s is t  m ainly o f c h a lc o p y r i te , b o m i t e ,
v i
e n a r g i te ,  and c h a lc o c ite  in  th e  g ra n o d io r i te  and c h a lc o p y r ite , 
t e t r a h e d r i t e  and galena in  th e  q u a r t z i t e s .
In  the  q u a r tz i te s  o f th e  Hidden T reasure  m ine, s ig n i f ic a n t  m iner­
a l i z a t io n  occurs most o f te n  where w est-d ip p in g  s p l i t s  d iverge  from the  
p redom inantly  e a s t-d ip p in g  v e in s . The s t ru c tu re  o f the  ore bod ies in  
the  UOOl r a i s e  of the  Hidden T reasure  mine i s  com plicated  by fo u r  s tag es  
of movement, each of which c u t and d isp la c e d  p rev io u s  m in e ra lized  s t r u c ­
tu r e s .
S urface  and underground v e in  exposures in d ic a te  th a t  th e  b e s t  
economic p o s s ib i l i t ie s  may be found in  zones o f supergene s u l f id e  e n r ic h ­
ment l ik e  the  one th a t  accounted f o r  most of th e  p a s t  p ro d u ctio n  in  the  
Hidden T reasure m ine.
vxi
I N T R O D U C T I O N  
LOCATION AND ACCESSIBILITÏ
The C lin to n  m ining d i s t r i c t  (F ig u re  1) l i e s  w ith in  th e  w estern  
p a r t  o f the  G arnet Range, tw enty  m iles e a s t  o f M issoula and two m iles 
n o r th e a s t  o f C lin to n , Montana. I t  i s  s i tu a te d  in  S e c tio n s  13 and 2U,
Township 12 N orth , Range 17 W est, and S ec tio n s  17, 18, 19 and 20,
Township 12 N orth , Range l6  W est, P r in c ip a l  M eridian Montana. U. S.
Highway No. 10 and th e  main l in e s  o f th e  N orthern  P a c if ic  and the
Chicago, Milwaukee and S t .  Pau l r a i l r o a d s  pass through C lin to n . A 
coun ty-m ain tained  road  a ffo rd s  access  to  most of th e  d i s t r i c t  except 
in  th e  l a t e  w in te r  and e a r ly  sp r in g  months.
Chi
R.I6W.
F ig u re  1 -  Index  map of M ontana, showing lo c a tio n  o f the  
C lin to n  mining d i s t r i c t
PURPOSE OF THE INVESTIGAHON
The purpose o f t h i s  s tu d y  was (1 ) to  o b ta in  a d e ta i le d  p ic tu re  of 
the  su rfa ce  and underground geology o f th e  C lin to n  mining d i s t r i c t ,  (2) 
to  work o u t th e  m ineralogy  and p a ra g e n e tic  r e la t io n s h ip s  o f the  ore min­
e r a l s ,  and ( 3 ) to  determ ine th e  f a c to r s  c o n tro l l in g  ore d e p o s itio n . I t  
i s  hoped th a t  t h i s  in fo rm a tio n  can be used in  th e  development of paying 
mines in  th e  d i s t r i c t .
PREVIOUS WORK
There i s  l i t t l e  p u b lish ed  l i t e r a t u r e  d e a lin g  w ith  th e  geology of 
th e  C lin to n  d i s t r i c t .  Most o f th e  r e p o r ts  a re  of a reconnaissance  
n a tu re .
Rowe ( 1910) b r i e f l y  d e sc rib e d  the  g e n e ra l geology and th e  more 
im p o rtan t p ro p e r t ie s  a t  a  tim e when th e re  was a g re a t amount of a c t i v i t y  
and i n t e r e s t .  His work i s  o f p a r t i c u la r  va lue  because most of th e  work­
in g s  he v i s i t e d  a re  in a c c e s s ib le  a t  th e  p re s e n t  tim e . However, in  most 
in s ta n c e s  he p re se n te d  a somewhat more o p tim is t ic  d e s c r ip tio n  of the 
economic p o te n t ia l  than  was found during  th is  in v e i t lg a t io n .
Pardee * s reco n n aissan ce  o f  th e  w estern  p a r t  o f th e  G arnet Range 
( 1918) g ives a  d e s c r ip t io n  o f th e  geology and more im portan t p r o p e r t ie s ,  
b u t i t  i s  very  g e n e ra l.
The geology of th e  upper le v e ls  o f the  Hidden T reasure mine was 
d e sc r ib e d  by P iq u e tte  (19Ü1) during  an e x p lo ra to ry  program on th e  U26O 
fo o t  l e v e l .  He a lso  d escrib ed  th e  su rround ing  geology, b u t  added l i t t l e  
to  w hat had a lre a d y  been s a id  by Rowe and P ardee .
3
I n  19k3f and 19U$ th e  U n ited  S ta te s  Bureau o f Mines under­
took  a  program of sam pling and diamond d r i l l i n g .  A number o f p ro p e r t ie s  
were examined and e x te n s iv e  sam pling was done on th e  Queen Mary and th e  
Hidden T reasure  claim s# The r e s u l t s  o f t h i s  work were q u ite  d isa p p o in t­
in g , however, and th e  p r o je c t  was d isc o n tin u ed  (B rin to n , 19U6 ) .
Sahinen (1957) d e sc rib e d  se v e ra l  o f th e  p ro p e r t ie s  in  th e  d i s t r i c t ;  
h i s  r e p o r t  was based on a survey of p rev ious l i t e r a t u r e  and b r i e f  v i s i t s  
to  some of th e  in d iv id u a l  p r o p e r t ie s .
R eports by B rynie (1959), Matson and L eischner (1959) and T o ler 
and Schryver (1958) a re  on f i l e  w ith  th e  Department o f Geology, Montana 
S ta te  U n iv e rs i ty . They were subm itted  f o r  a course in  geo log ic  problem s, 
and cover lo c a l iz e d  problems in  mapping and sam pling.
PRESENT STUDY
The f i e l d  work f o r  t h i s  s tu d y  began in  June 1958 and was con­
d u c ted , a s  tim e p e rm itte d , through J u ly  1959, w hile  the  w r i te r  was 
employed as a  g e o lo g is t  f o r  Hera E x p lo ra tio n  Company o f C lin to n , Montana. 
A pproxim ately 30 days were sp e n t on f i e l d  work d i r e c t l y  r e la te d  to  the  
in v e s t ig a t io n .
The underground geo log ic  mapping n e c e s s i ta te d  a t r a n s i t  
su rvey  o f  a l l  the  a c c e s s ib le  mine workings and c o n s tru c tio n  o f base maps 
upon which th e  g eo lo g ic  d a ta  o f s e le c te d  p o r t io n s  o f th e  mine were p lo t ­
te d .  A s c a le  o f one inch  equals 20 f e e t  was chosen (P la te s  1 ,  2, 3 and 
h) in  o rd e r  to  show as much geo lo g ic  d e t a i l  as p o s s ib le  on a r e l a t i v e l y  
sm all map.
k
S urface  g e o lo g ica l d a ta  covering  approxim ately  fo u r  square  m iles 
were p lo t te d  d i r e c t ly  on v e r t i c a l  a e r i a l  photographs having a s c a le  of 
1:17,500* (Commodity S ta b i l i z a t io n  S e rv ice  photographs da ted  August 11, 
1955)* The f i n a l  su rfa c e  map (P la te  6) was p repared  by t r a n s fe r r in g  
the  geo log ic  d a ta  to  a p la n ira e tr ic  base map c o n s tru c te d  from th e  a e r i a l  
photos by means o f a K* E. K* s te re o sc o p ic  p l o t t e r ;  t h i s  t r a n s f e r  r e ­
moved d i s to r t io n  due to  d if fe re n c e s  in  e le v a tio n  and en larged  th e  sc a le  
to  approx im ate ly  one inch  equals  1300 f e e t .  Land n e t  c o n tro l was e s ta b ­
l is h e d  by matching th e  p lan im e try  of th e  base map w ith  t h a t  of an a e r i a l  
" s t r i p  tra c in g "  on f i l e  a t  th e  R egional O ffice s  o f th e  U. S. F o re s t  
S e rv ic e , M issou la , Montana.
L abora to ry  work in v o lv ed  making p é tro g ra p h ie  d e s c r ip t io n s ,  
id e n t i fy in g  m inera ls  in  ore sam ples, and s tudy ing  t h e i r  t e x tu r a l  and 
p a ra g e n e tic  r e la t io n s h ip s .  A t o t a l  o f h3 p o lish e d  se c tio n s  and 15 th in  
s e c tio n s  were p repared  and s tu d ie d . Photom icrographs were made of c e r ­
t a in  p o lish e d  se c tio n s  which b e s t  show m in era l r e la t io n s h ip s .
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HISTORY AND PRODUCTION
The C lin to n  m ining d i s t r i c t  was d iscovered  in  18?8, when the  
f i r s t  lo c a tio n s  were reco rded  by J* D. R ich a rd s, James House and 
S . F . Keim. There was l i t t l e  a c t i v i t y ,  however, u n t i l  about 1905, when 
e x p lo ra to ry  work was i n i t i a t e d  in  the  Cape Nome mine* This seemed to  
draw i n t e r e s t  to  th e  e n t i r e  d i s t r i c t  because between 1905 and 1912 a 
number o f p ro p e r t ie s  were being  a c t iv e ly  ex p lo red . A pparently , low m etal 
p r ic e s  and d isco u rag in g  m inera l showings r e s u l te d  in  v i r tu a l  abandon­
ment of th e  d i s t r i c t  f o r  many y e a rs . During th e  f l u r r y  o f a c t i v i t y  
between 1905 and 1912, more than  a m ile  o f underground workings were 
d riv en  on the  Cape Nome c la im . This in c lu d ed  s in k in g  500 f e e t  of v e r­
t i c a l  s h a f t  and d r iv in g  n e a r ly  5500 f e e t  of d r i f t s  and c ro s sc u ts  on 
f iv e  l e v e l s .  C onsiderab le  workings were a ls o  d riv en  on the  Hidden 
T reasu re  c la im .
From 1912 to  th e  p re s e n t  tim e , sp o ra d ic , sm a ll-sc a le  p roduction  
and e x p lo ra tio n  have been c a r r ie d  on in  the  Hidden T reasu re  and Cape 
Nome mines* Some p ro sp e c tin g  has been done in  o th e r  p a r ts  o f th e  d i s ­
t r i c t ,  b u t  no o th e r  p ro d u c tio n  i s  known.
In  1956 Hera E x p lo ra tio n  Company of C lin to n , Montana, le a se d  th e  
Hidden T re a su re , Cape Nome and se v e ra l o th e r  cla im s in  th e  d i s t r i c t .  
S ince  t h a t  tim e th e  company has re-opened  th e  1 0 0 -fo o t le v e l  o f th e  Cape
Nome mine and te n q jo ra rily  dew atered th e  s h a f t  to  the  30 0 -fo o t le v e l  f o r  
exam ination* During the summer o f 19$8 sm all s c a le  p ro d u ctio n  was ob­
ta in e d  from the  UOOO-foot l e v e l  o f the  Hidden T reasure  m ine.
In  19$7 C lin to n  Mining and M illin g  Company of C lin to n , Montana, 
com pleted i n s t a l l a t i o n  o f a 50- to n  p e r  day b u lk  f l o t a t i o n  p la n t  on 
W allace C reek. This m il l  was c o n s tru c te d  to  b é n é f ic ia te  o re produced 
from Hera E x p lo ra tio n  Company o p e ra tio n s , a s  w e ll a s  from o th e r  nearby 
p r o p e r t ie s .  During th re e  y e a rs  of in te r m i t te n t  o p e ra tio n  ( to  December 
i 960) ,  th e  m il l  produced fo u r  c a rlo a d s  o f copper c o n c e n tra te s , which 
were sh ipped to  th e  sm e lte r  a t  Anaconda, Montana.
E a rly  in  19$9 Hera E x p lo ra tio n  Company undertook a program to  
ex tend  the  UOOO-foot le v e l  (No. 2 tu n n e l) of th e  Hidden T reasure  mine 
some 2600 f e e t  to  a p o in t  under th e  Cape Nome w orkings. In  December I960 
th i s  h a lf-co m p le ted  v en tu re  a p p a re n tly  was abandoned and a ttem p ts  were 
being  made to  develop s u f f i c i e n t  ore in  th e  Hidden T reasure mine to  
o p e ra te  the  C lin to n  M ining and M illin g  Company m il l  on W allace Creek.
A ccording to  Pardee (1918) th e  t o t a l  p ro d u c tio n  o f th e  d i s t r i c t  
through 1917 d id  n o t exceed $2$ ,000 .00 . Table 1 shows the  p ro d u ctio n  of 
the  C lin to n  d i s t r i c t  from 193U to  I960 . No in fo rm ation  i s  a v a ila b le  f o r  
th e  p e rio d  1918 -  193U*
T able 1
Year Oretons
Gpld
pz.
Silver
OZe
Copper
lb.
Lead
lb.
Total
Value
193U lli3 10 1,30U - ' “ $ 1,817
193$ 9$$ 52 8,178 51,205 9,825 12,322
1936 !tH - 25 22,761 $,710
1937 1,575 92 13,766 85,628 - 2ll,229
1938 Ul5 16 2,707 23,306 U,$9U
1939 35U 17 2,3Ul 17,115 8,617 U,369
19U0 26 3 Uli3 3,230 - 785
19U1 - - - - - -
19U2 19 ' 1 69 700 169
19U3 206 11 1,305 11,800 6,800. 3,357
19UU 212 6 i,ooU 8,000 - 2 , 00U
19U5 - - - -
19U6 - - - - -
19U7 - - - r
19U8 50 1 U39 2,800 1 ,U80 1 , 305*
19U9 - - - - - -
19$0 - “ - - -
1931 -  . - - - -  ■ -
1952 — - - a -
1953 - - - - —
195U - - - -
19$$ - — - - . .
19$6 - — - — - -  mm-
19$7 300* - - 11 , 538** - 3 , 000*
19$8 600* - - 23, 077** 6 , 000*
19$9 250* 9 , 630** 2 , 500*
I960 * “ - - “ -
5,6U l 212 31,718 270, 775** 26,722 72,381
P ro d u c tio n  of g o ld , s i l v e r ,  copper and lead  in  th e  C lin to n  m ining 
d i s t r i c t ,  193U-1960* Years 193Û-55 m odified  from Sahinen, 1957, 
p .  33 .
^Approximation (Based on U. S . Bur. Mines M inerals Yearbook d a ta ) .  
•tHt-Equivalent copper ( total metallic assay value converted to copper 
percentage)
TOPOGRAPHY
The C lin to n  m ining d i s t r i c t  l i e s  on th e  sou th  s lo p es  o f th e  
G arnet Range. E le v a tio n s  v a ry  from 3U67 f e e t  a t  th e  town o f  C lin to n  to  
f e e t  a t  th e  W allace Creek pass and 636$ f e e t  a t  Kamas m ountain, 
which i s  th e  most prom inent topograph ic  f e a tu re  in  th e  d i s t r i c t .
The n o rth w este rn  p a r t  o f th e  G arnet Range i s  c h a ra c te r iz e d  by 
s te e p  s lo p es  d is s e c te d  by narrow , V-shaped canyons having s te e p  g ra d i­
e n ts .  The upper s lo p e s  a re  more g e n tle ,  p robab ly  c o r r e la t iv e  w ith 
Pardee*s m id -T e rtia ry  e ro s io n  su rfa c e  (P a rd ee , 1918, p . I 63) .  D iffe re n ­
t i a l  e ro s io n  o f th e  le s s  r e s i s t a n t  C lin to n  s to ck  has l e f t  a topographic 
low in  o therw ise  r e l a t i v e ly  h ig h  r id g e s  and m ountains.
The a re a  i s  d ra in ed  by W allace and W oodville creeks which converge 
and flow  southw est in to  th e  C lark  Fork R iv e r . These stream s a re  peren­
n i a l ,  b u t  most of t h e i r  t r i b u t a r i e s  a re  d ry  du ring  the  l a t e  summer and 
f a l l .
Near th e  confluence  of W oodville and W allace c reeks i s  a sm all 
la k e . O r ig in a l ly  i t  was formed by a la n d s lid e  which came from near th e  
to p  o f  th e  r id g e  im m ediately to  th e  so u th . A t p re s e n t  th e  lak e  i s  im­
pounded by a  man-made e a r th  dam. I t  i s  e s tim ated  from p r o f i le s  o f th e  
s l i d e  s c a r  th a t  app rox im ate ly  l.U  m ill io n  cubic yard s o f  m a te r ia l  s l i d  
in to  the  canyon. The s l id e  s c a r  and th e  s l id e  a re  o ld  enough to  suppo rt 
tim ber o f th e  same sp ec ie s  and s iz e  as th e  surround ing  co u n try . The 
la k e  e x is te d  long  enough to  d e p o s it  a  w e ll-d e f in e d  " f l a t "  o f sedim ents 
a t  i t s  upper end.
CUMTE AND VEGETATION
A se m i-a r id , tem perate  c lim a te , ty p ic a l  o f th e  N orthern  Rocky 
M ountains, p re v a i ls  in  the  a re a .  W eather c o n d itio n s  a re  roughly  com­
p a ra b le  to  th o se  a t  M isso u la , f o r  which th e  U. S. W eather Bureau has 
fu rn ish e d  the  fo llo w in g  f ig u r e s .  (P e rso n a l com m unication, 1961).
Annual p r e c ip i t a t io n  averages 16 inches and r a r e ly  exceeds 20. Tempera­
tu re s  v a ry  from extrem es o f n ear -37^ F a re n h e it  in  th e  w in te r to  103® 
F a re n h e it in  th e  summer; th e  mean i s  U2®. Snow fall in  normal y ears  i s  
heavy enough to  impose t r a n s p o r ta t io n  problems in  th e  h ig h e r e le v a tio n s  
du ring  th e  l a t e  w in te r  m onths.
The d i s t r i c t  i s  covered by c o n ife ro u s  t r e e s  and b ru sh , excep t in  
low er v a lle y s  which have been c le a re d  f o r  farm ing and ran ch in g . Trees 
in  th e  wooded a re a s  c o n s is t  la r g e ly  o f f i r  and la r c h  on th e  n o rth  slopes 
and ponder osa p in e  on th e  so u th . Most o f th e  la rg e r  t r e e s  have been c u t 
by lo g g in g  o p e ra tio n s . However, abundant t r e e s  of the  r i g h t  sp ec ie s  and 
s iz e  f o r  mine tim bers a re  r e a d i ly  a v a ila b le  on most of th e  mining c laim s,
G E N E R A L  G E O L O G Y
The C lin to n  m ining d i s t r i c t  i s  lo c a te d  in  a  re g io n  o f m oderate 
s t r u c tu r a l  d e fo rm atio n , c h a ra c te r iz e d  by no rth w est tre n d in g  fo ld s  and 
f a u l t s  and a  n o r th e a s t  tre n d in g  g ra n o d io r i te  stock#
The m ost im p o rtan t rock  u n i t  o f th e  a re a  i s  th e  sm all g ranodio­
r i t e  s to ck  which has in tru d e d  P ro te ro z o ic  a rg i l la c e o u s  q u a r tz i te  o f  the  
G arnet Range fo n n a tio n  and impure d o lo m itic  lim e s to n e ; acco rd in g  to  
R oss, e t  a l ,  (1955) th e  lim e sto n e , which occurs n o rth  o f th e  mapped a re a , 
i s  o f Cambrian age# The e f f e c t  of c o n ta c t metamorphism i s  pronounced 
in  th e  G arnet Range fo rm a tio n , where a dense h o rh fe ls  can be seen  as 
f a r  as  600 f e e t  from th e  con tact#  The lim estone  has been a l t e r e d  f o r  
d is ta n c e s  up to  100 f e e t  from th e  c o n ta c t to  a w hite  c r y s ta l l in e  m arble 
c o n ta in in g  ty p ic a l  c o n ta c t m in e ra ls . A la rg e  d iabase  s i l l  in  th e  Gar­
n e t  Range fo rm ation  was c u t  by bo th  th e  g ra n o d io r i te  and more re c e n t  
rh y o d ac ite  porphyry dikes# Recent alluv ium  occurs a long  th e  p r in c ip a l  
stream  v a lley s#
SEDIMENTARY ROCKS 
Precam brian
Precam brian ro ck s a re  re p re se n te d  in  th e  map a re a  ( P la te  6) by 
th e  G arnet Range fo rm atio n  and th e  o v e rly in g  P i lc h e r  q u a r tz ite #  Both 
fo rm atio n s  belong in  th e  upper p a r t  o f th e  M issoula  group of the  B e lt  
s e r ie s #  I n  g e n e ra l, ou tcrops a re  sc a rc e ; logg ing  and mine access  roads 
p rov ide  th e  b e s t  exposures#
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G arnet Range fo rm ation  -  Rocks o f t h i s  fo rm ation  a re  exposed w est, 
so u th  and e a s t  o f  th e  C lin to n  s to c k . The fo rm a tio n , which i s  q u ite  con­
s i s t e n t  l i t h o lo g ic a l ly ,  i s  composed m ainly of th in -b ed d ed , g ree n ish  
brown and g ray  q u a r tz i te  w ith  th in  in te rb ed d ed  re d d ish  a r g i l l i t e .  I t  i s  
b e s t  recogn ized  by th e  la rg e  amount o f d e t r i t a l  mica f la k e s  i t  c o n ta in s  
and th e  d i s t in c t iv e  brow n-w eathered ou tcrops and ta lu s  s lo p e s  i t  form s. 
The th ic k n ess  cou ld  no t be determ ined i n  th e  th e s is  a re a .  However, 
Montgomery (19$8, p . 13) measured 5500 to  6000 f e e t  exposed in  th e  Him- 
rod  a re a  approx im ate ly  20 m iles e a s t .  N elson (1959, p . 55) measured 
th ic k n e sse s  v a ry in g  from 1800 f e e t  to  3800 f e e t  in  th e  v i c i n i t y  o f Sheep 
Mountain app rox im ate ly  15 m iles w est o f th e  t h e s i s  a re a .
P i lc h e r  q u a r tz i t e  -  Rocks a ss ig n ed  to  th e  P i lc h e r  fo rm ation  crop out 
a long  the  sou th  s id e  o f W allace Creek where th ey  a re  in  f a u l t  c o n ta c t 
w ith  th e  G arnet Range fo rm atio n . They c o n s is t  m ainly  o f re d d ish -o ra n g e , 
m edium -grained q u a r t z i t e ,  w ith  in te rb ed d e d  y e llo w -g reen , arenaceous 
a r g i l l i t e .  This l i th o lo g y  i s  c h a r a c te r i s t i c  of the  upper p a r t s  o f th e  
fo rm atio n  (N elson, 1959, p .  5 6 ). A t l e a s t  300 f e e t  a re  exposed in  th e  
th e s is  a re a .
Cambrian -  Rocks o f Cambrian age which occur n o rth  o f th e  mapped a rea  
were observed d u rin g  a g e o lo g ic a l rec o n n a issan c e . They appear to  l i e  
w ith  s l i g h t  unconform ity  on the  P i lc h e r  q u a r tz i te  and c o n s is t  m ainly  of 
f la g g y , im pure, d o lo m itic  lim e s to n e s . In  w eathered  ou tcrop  th ey  a re  
e a s i ly  reco g n ized  by a l i g h t  g ray , chalky  s u r fa c e . They form a f in e ,  
redd ish -brow n s o i l  upon deco iqposition . When f r e s h ly  f r a c tu r e d ,  th e  rock  
i s  dark  g ray  to  b lac k  and i s  la c e d  w ith  sm all c a l c i t e - f i l l e d  f r a c tu r e s .
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Q uaternary  « Recent s tream -d ep o s ited  a lluv ium  f lo o r s  th e  C lark  Fork 
R iver V a lley  and occurs along  th e  low er reaches of W allace Creek.
IGNEOUS ROCKS 
C retaceous (? )
D iabase s i l l  -  On bo th  s id e s  of th e  g ra n o d io r i te  s to c k , th e  sedim ents 
a re  in tru d e d  by a t h o l e i i t i c  d iab ase  s i l l  between 300 and 900 fe e t  thick® 
I t  was mapped from the  so u th e a s t c o n ta c t of the  C lin to n  s to c k  fo r  a d i s ­
tance  of over a m ile  in to  th e  G arnet Range fo rm a tio n . The W allace Creek 
f a u l t s  c u t and d isp la c e d  i t  in to  th re e  segm ents. I t  appears to  d ip  
rough ly  60® southw est as in d ic a te d  by th e  d ip  o f th e  en c lo sin g  sedim ents.
The B e lt  s e r ie s  rocks of n o rthw estern  Montana a re  in tru d e d  in  a 
number of a re a s  by d iab ase  s i l l s .  In  the  Nimrod a re a  d i r e c t ly  to  th e  
e a s t  o f th e  C lin ton  d i s t r i c t ,  Montgomery (1958, p . 33) mapped a d i f f e r ­
e n t ia te d  t h o l e i i t i c  d iabase  s i l l  which in tru d e d  th e  G arnet Range 
fo rm a tio n . From i t s  s im i la r i ty  w ith  o th e r in tru s io n s  f a r t h e r  e a s t  which 
in tru d e  the  Colorado s h a le ,  and because i t  i s  p a r t i a l l y  covered by ig ­
neous flow s of e a r ly  and middle T e r t ia ry  age, he t e n t a t iv e ly  p laced  i t s  
tim e o f in je c t io n  as l a t e  C re taceo u s. The r e la t io n s h ip  o f the  W allace 
Creek s i l l  to  the  o th e r rocks in  th e  a re a  does n o t p e rm it a c lo s e r  age 
d e te rm in a tio n  than  p o s t-P ro te ro z o ic  and p r e - in t ru s io n  of th e  g ranod io ­
r i t e  s to c k .
The te x tu re  of the  s i l l  i s  t y p ic a l ly  d ia b a s ic .  I t  v a r ie s  from 
medium f in e -g ra in e d  a t  th e  c o n ta c ts  to  c o a rse -g ra in e d  n ear th e  c e n te r .  
The rock  c o n s is ts  e s s e n t ia l ly  o f p la g io c la s e  and pyroxene, which make 
up app rox im ate ly  80 p e r c en t of th e  c o n s t i tu e n ts .  Minor am phibole.
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c a l c i t e ,  m agnetite  and m yrm ekitic in te rg ro w th s  make up th e  r e s t  of the
rock* M yrm ekitic i n t e r  growths a re  most common toward th e  top* Numerous
le n se s  and bands o f a lm ost pure m agnetite  v a ry in g  in  th ic k n e s s  from one
h a lf  inch  to  8 inches were observed  in  th e  low er th i r d  of the  s i l l *
Abundant v e in le ts  o f ca rbonate  c u t the  s i l l  b u t seem to  be most common
in  a re a s  o f f ra c tu r in g *  They a re  p robab ly  o f hydro therm al o rig in *
The average modal com position o f th e  rock i s  as fo llow s :
P la g io c la se  kO%
Pyroxene 30%
S e r ic i te  10%
Myrmekite 8^
Amphibole 7%
I ro n  o res  3%
Carbonate 2%
In  th in  s e c tio n s  th e  rock  i s  ex trem ely  " d ir ty "  as a r e s u l t  of 
s tro n g  s e r i c i t i z a t i o n .  This s e r i c i t i z a t i o n  may be a l t e r a t io n  caused by 
in tru s io n  of th e  C lin to n  s to c k . Seven th in  s e c tio n s  were p rep a red  from 
samples tak en  a t  i r r e g u la r  in te r v a ls  ac ro ss  th e  s i l l  where i t  i s  ex­
posed along W allace Creek* From t h i s  l im ite d  s tu d y , i t  i s  n o t p o s s ib le  
to  determ ine what e f f e c t  th e  in tru s io n  of the s to ck  had upon th e  s i l l *
L ate Cretaceoüs-^Kàrly T e r t ia ry  (?)
C lin to n  s to c k  -  The C lin to n  s to ck  (common lo c a l  name) i s  a sm a ll, ho rn ­
b lende  g ra n o d io r i te  in t r u s io n ,  o n e -h a lf  to  one m ile  a c ro ss  and n e a r ly  
f iv e  m iles long in  a n o r th e a s te r ly  d ire d tio n *  I t  i s  exposed from the  
m iddle reaches of W allace Creek on th e  sou th  s lo p es  of the  G arnet Range 
to  th e  main fo rk s  o f Ashby Creek on th e  n o r th , beyond th e  mapped area* 
I t  i s  g e n e ra lly  sh ee ted  h o r iz o n ta lly *  The e f f e c t  of w eathering  
and e ro s io n  a long  the  j o i n t  p lan es  le a v e s  co res o f rounded b o u ld ers  
which crop o u t above th e  su rfa ce  o f th e  ground in  a c h a r a c te r i s t i c
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sp h e ro id a l w eathering  p a t t e r n .  In  th e  map a re a  the  c o n ta c ts  a re  
d is c o rd a n t. The w estern  and so u th e rn  in t r u s iv e  c o n ta c ts  appear to  d ip  
n e a r ly  v e r t i c a l l y .  However, th e  so u th e a s te rn  and e a s te rn  c o n ta c ts  d ip  
approxim ately  65^ beneath  th e  o v e rly in g  sedim ents and may connec t w ith  
th e  G arnet s to c k  f a r th e r  to  th e  e a s t .
The g ra n o d io r i te  i s  in e q u ig ra n u la r  and c o a rse -g ra in e d , composed 
m ainly o f q u a r tz , p la g io c la s e ,  K -fe ld sp a r , ho rnb lende , b i o t i t e  and 
c h lo r i t e .  Minor amounts o f a p a t i t e  and iro n  ores a re  a ls o  p re s e n t .  The 
com position and te x tu re  appear to  be very  uniform  in  th e  a re a  mapped.
No d is c e rn ib le  change in  g ra in  s iz e  can be seen  when comparing sam ples 
from n ear th e  c o n ta c ts  w ith  those taken  from w e ll w ith in  th e  main body 
of th e  s to c k .
In  hand specimens th e  rock i s  l i g h t  g reen ish  g ray . Dark green 
hornblende occurs in  abundant e lo n g a ted  c r y s t a l s ,  sometimes as much as 
20 mm lo n g . Subhedral f la k e s  o f b lac k  b i o t i t e  up to  L mm acro ss  a re  
p re s e n t  in  sm all am ounts. The l i g h t  co lo red  c o n s t i tu e n ts ,  which make 
up about 80 p e r c e n t of th e  ro ck , c o n s is t  o f g reen ish  p la g io c la s e ,  
f a i n t l y  p ink  K -fe ld sp a r and m ilky co lo red  q u a r tz . Thin s e c tio n s  show 
th a t  th e  p la g io c la se  i s  th e  most abundant m in e ra l, com prising ap p ro x i-  
50 p e r c e n t of th e  ro ck ; i t  occurs in  subhedral c r y s t a l s ,  v a ry in g  from 
2 to  Ü mm in  le n g th . Zoning of th e  p la g io c la s e  i s  common. I t s  com­
p o s i t io n ,  A bg^n^^ , p la c e s  i t  in  th e  range of an d esin e . Many of the  
c r y s ta l s  a re  ex trem ely  cloudy and o th e rs  a re  a lm ost u n id e n t i f ia b le ,  due 
to  s e r i c i t i z a t i o n .  Both C arlsbad  and a lb i t e  tw inning a re  p re s e n t .
K -fe ld sp a r (p robab ly  m ic ro c lin e ) i s  p re s e n t  in  amounts o f 
app rox im ate ly  1? p e r c e n t .  I t  occurs in  su bhed ra l c r y s t a l s ,  which
1$
average U mm and a re  sometimes as much as 12 mm long* Where n o t 
o b l i te r a te d  by s e r i c i t i z a t i o n ,  m u ltip le  tw inning can be seen .
The hornblende p rism s a re  g e n e ra lly  e u h e d ra l. They vary  in  
le n g th  up to  Ih mm. P leochroism  i s  s t ro n g , v a ry in g  from l i ^ t  brown 
to  dark g reen . P a r t i a l  rep lacem ent by b i o t i t e  and l a t e r  by c h lo r i te  i s  
common. Some of th e  c r y s ta l s  have been broken and p iec es  whose broken 
ends can be matched a re  o fte n  found n ea r each o th e r . Hornblende com­
p r is e s  approx im ate ly  15 p e r  c e n t of th e  ro ck . Q uartz g ra in s  which make 
up 15 p e r c e n t of th e  rock f i l l  th e  i n t e r s t i c e s  between the  e a r l i e r -  
formed m in e ra ls . Most q u a rtz  g ra in s  d is p la y  u n d u la to ry  e x t in c t io n  
under c ro ssed  p o la r iz in g  p rism s . B io t i t e  and c h lo r i te  p lu s  minor 
a p a t i t e  and i ro n  ore make up the  rem aining 5 p e r c e n t o f th e  ro ck .
Rhyodacite porphyry d ik es -  Numerous rh y o d ac ite  porphyry d ikes occur 
in  the  d i s t r i c t .  They in tru d e  a l l  o th e r  rock  u n i ts  in  th e  a re a  and a re ,  
th e r e fo re ,  the  youngest rocks p re s e n t .  However, a l l  o b se rv a tio n s  i n d i ­
c a te  th a t  th ey  were in tru d e d  b e fo re  th e  tim e of v e in  d e p o s itio n .
In  ou tcrop  they  appear dark  b row nish-gray  to  l i g h t  g re e n ish -g ra y , 
w ith  w hite  euhedra l phenocrysts  o f p la g io c la se  up to  10 mm in  len g th  
embedded in  a g ray  groundmass. Small f la k e s  o f b i o t i t e  and prism s o f 
hornblende can be seen m eg asco p ica lly . Replacement o f p la g io c la s e  by 
e p id o te  i s  p re s e n t  to  some e x te n t  in  a l l  exposures in v e s t ig a te d .  I t  i s  
b e lie v e d  th a t  the  " e p id o tiz a tio n "  i s  r e la te d  to  hydrotherm al a c t i v i t y  
f o r  i t  i s  more p re v a le n t in  th o se  d ik es in  which sh ea rin g  can be ob­
se rv e d . In  some in s ta n c e s  th e  rep lacem ent i s  so advanced th a t  th e  
e n t i r e  exposure has a pronounced g ree n ish  hue.
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Four th in  s e c tio n s  of th e s e  rocks were stud ied*  The c o a rse ­
g ra in ed  f r a c t io n  c o n s is ts  o f andesine  hornb lende, b i o t i t e ,
c h lo r i t e ,  and s e r i c i t e ,  which com prise approx im ate ly  50 p e r c e n t of the  
ro ck . L i t t l e  can be s a id  about th e  a p h a n itic  groundmass because i t  i s  
too f in e -g ra in e d  and has been too  s tro n g ly  s e r i c i t i z e d  f o r  id e n t i f i c a t io n  
o f th e  o r ig in a l  m in e ra ls  by o p t ic a l  methods. No q u a rtz  o r K -fe ld sp ar 
could be observed in  the  groundmass; however, t h e i r  p resence  was de­
te c te d  by X -ray a n a ly s is .
The an d es in e , which com prises about 60 p e r  cen t of the  p h a n e r i t ic  
p o r t io n , occurs as eu h ed ra l p henocrysts  up to  10 ram in  d iam ete r. I t  i s  
u su a lly  s tro n g ly  s e r i c i t i z e d  and in  some cases d isp la y s  su tu re d  edges 
th a t  in d ic a te  i t  was p a r t i a l l y  reso rb ed  by th e  m elt b e fo re  s o l i d i f i c a ­
t io n .  Zoning can be observed in  some c r y s t a l s .  Most of th e  c r y s ta l s  
p o i k i l i t i c a l l y  enc lo se  numerous sm all hornblende euhedra .
The hornblende phenocrysts  occur as e lo n g a ted  prism s up to  3 mm 
in  le n g th .  They com prise approx im ate ly  30 p e r c en t of th e  c o a rse -g ra in e d  
f r a c t io n .  B io t i t e  and c h lo r i te  make up approx im ate ly  5 p e r c e n t . They 
occur in  sm all f la k e s  from  0 .5  to  1 mm a c ro s s . E p id o te , in  r a d ia t in g  
f ib ro u s  c r y s ta l  c lu s t e r s ,  i s  found p a r t ly  re p la c in g  the  p la g io c la se  and 
makes up approx im ate ly  5 p e r c e n t o f the  ro ck .
No a p p re c ia b le  d if fe re n c e s  can be  found in  th e  m ineralogy o f th e  
l i ^ t  o r th e  dark co lo red  porphyrys which in  some cases crop out s id e  by 
s id e .  The d if fe re n c e  in  c o lo r  may be a t t r ib u t a b le  to  a h ig h e r p e rc e n t­
age of ferrom agnesdan m in era ls  in  th e  d a rk e r a p h a n ite .
No chem ical an a ly ses  a re  a v a i la b le  f o r  comparing th e  porphyry w ith  
the  g ra n o d io r i te  b u t  the  phen o cry st com position  and X -ray evidence of
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q u a rtz  and K -fe ld sp ar in  th e  groundmass su g g ests  th a t  th e  d ikes and th e  
s to ck  o r ig in a te d  from a common magma so u rc e .
In  g e n e ra l, rocks o f  t h i s  type  a re  found w idely  s c a t te r e d  through­
ou t th e  d i s t r i c t .  However, th ey  occur m ainly  in  a w e ll-d e f in e d  zone one 
q u a rte r  m ile  wide lo c a te d  h a l f  a m ile  e a s t  o f th e  g ra n o d io r i te  c o n ta c t .  
In d iv id u a l d ikes v a ry  i n  w id th  from  U to  $0 f e e t .   ̂ Maximum le n g th s  of 
abou t h a l f  a m ile  were t r a c e d .  A ll  c o n ta c ts  observed in  th e  f i e l d  a re  
k n ife -ed g ed . No d if fe re n c e s  could be d isc e rn e d  in  g ra in  s iz e  near th e  
edges of th e  d ik es  and no metamorphic e f f e c t s  could be found in  th e  
sed im en ts .
The d ik es  in  th e  zone s t r i k e  rough ly  N L0° E and appear to  d ip  
n e a r ly  v e r t i c a l l y .  I n  o th e r  p a r t s  of th e  a rea  the s t r i k e  and d ip  of 
porphyry d ik es  v a r ie s  somewhat a t  random. A sm all p lug-shaped  body of 
th e  rh y o d a c ite  in tru d e s  th e  G arnet Range fo rm ation  a sh o r t d is ta n c e  
e a s t  of th e  Hidden T reasure  p o r t a l .  Two d ikes ex tend  from i t s  n o rth e rn  
c o n ta c t .
I t  i s  b e lie v e d  th a t  th e  d ikes were emplaced along  te n s io n a l  f a u l t  
f r a c tu r e s .  Some d ikes a re  sh eared , in d ic a t in g  the  e f f e c t s  of l a t e r  
f a u l t in g .
METAMORPHIC ROCKS AND CONTACT METAMORPHISM
The e f f e c t s  o f c o n ta c t metamorphism caused by th e  in tr u s io n  of 
th e  C lin to n  s to c k  can be seen in  a zone of h o rn fe ls  600 f e e t  wide in  th e  
G arnet Range fo rm a tio n . This zone p a r a l l e l s  the igneous c o n ta c t ,  and, 
as  m ight be ex p ec ted , i s  most in te n s e  n ear i t .
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The rock appears l i g h t  to  dark  g ray  w ith  d a rk -co lo red  s p o ts ,  
g iv ing  i t  a m o ttled  e f f e c t .  The m o ttlin g  i s  caused by c o n c e n tra tio n s  
o r c lu s te r s  of very  f in e -g ra in e d  ferrom agnesian  m inera ls  and s e r i c i t e .  
D i f f e r e n t ia l  w ea thering  o f th e  m o ttl in g  produces p ro tru d in g  bumps of 
ferrom agnesian  m in e ra l c o n c e n tra tio n s  g iv in g  th e  rock  a  b o try o id a l  
appearance in  w eathered  specim ens.
Under th e  m icroscope, th in  se c tio n s  o f th e  rock  show th a t  i t  i s  
composed e s s e n t ia l l y  of q u a rtz  and f in e -g ra in e d  dark  green amphibole 
w ith  s c a t te r e d  c o n c e n tra tio n s  o f f in e -g ra in e d  s e r i c i t e .  Small v e in le t s  
o f c h lo r i te  f i l l  f r a c tu r e s  i p  some a re a s .  Abundant f in e -g ra in e d  p y r i te  
has formed lo c a l ly  a long  bands.
No c o n ta c t  e f f e c ts  were observed a s so c ia te d  w ith  th e  d iabase  o r 
porphyry ,
STRUCTURAL GEOLOGY
F olds -  The G arnet Range fo rm ation  in  th e  map a re a  i s  p a r t  of th e  sou th  
limb of a b road  o v e rtu rn ed  a n t i c l in e  th a t  ex tends eastw ard  p a r a l l e l  
to  th e  g ra in  of th e  re g io n a l  s t r u c tu r e ,  P a rd ee ' s map (1918, p . 172) 
in d ic a te s  th e  c r e s t  to  be lo c a te d  about one m ile n o rth  of th e  mapped 
a re a , s t r ik in g  abou t N ?0® W and p lunging  g e n tly  to  th e  so u th e a s t.
Dips on th e  sou th  lim b a re  v a r ia b le  and a re  com plicated  by 
s e v e ra l  n o r th e a s te r ly  tre n d in g  m inor f o ld s ,  a p p a re n tly  caused by fo rc e s  
a t te n d a n t  to  th e  in tr u s io n  of th e  C lin to n  s to c k . Beds n ear the  iiOOO- 
fo o t  p o r t a l  o f the  Hidden T reasu re  mine have been o v e rtu rn ed  s l i g h t l y  to  
the  so u th .
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F a u lts  "  Three in te r -b ra n c h in g , e a s t - t r e n d in g  f a u l t s  w ith  v e r t i c a l  move­
ments e s tim ated  to  be in  th e  neighborhood of s e v e ra l  hundred f e e t  were 
mapped along W allace C reek. The f a u l t s  a re  s te e p -d ip p in g . (See P la te  
6 ) .  To th e  w e st, between two segm ents, a wedge of P i lc h e r  q u a r tz ! te  
has been r e l a t i v e ly  downdropped in to  th e  G arnet Range fo rm atio n . To the  
e a s t ,  a  wedge o f G arnet Range fo rm ation  c o n ta in in g  the  d iabase  s i l l  has 
been r e l a t i v e ly  downdropped. A lth o u ^  the  f a u l t s  a re  concea led , th e  
fo llo w in g  ev idence in d ic a te s  t h e i r  p resence  and p o s it io n s
1 . The s te e p ly -d ip p in g  G arnet Range fo rm ation  i s  b ro u g h t in to  
c o n ta c t w ith  th e  r e l a t i v e ly  f l a t - l y i n g  P i lc h e r  q u a r tz ! te  
along  W allace Creek.
2 . The d iab ase  s i l l  has been o f f s e t  in  two p la c e s .
3 . Zones of b re c c ia t io n  and gouge can be seen in  road  c u ts  
a long  t h e i r  s t r i k e .
L . W allace Creek and the  West Fork of Cramer Creek form a 
lineam ent which can be seen on a e r i a l  pho tog raphs.
5 . Numerous sp rin g s  occur along  th e  p ro je c te d  f a u l t  t r a c e s .
S ev era l p a r a l l e l  lineam en ts which appear to  be su b s id ia ry  f a u l t s  
can be seen on a e r i a l  pho tog raphs. They occur ac ro ss  a zone one q u a r te r  
m ile  wide on th e  sou th  s id e  o f W allace Creek and extend f o r  ap p ro x i­
m ately  15 m ile s  to  the  e a s t  a long  W allace Creek and the  West Fork of 
Cramer Creek. They a re  n o t shown on th e  accompanying geo log ic  map. 
( P la te  6 ) .
Two s e t s  o f m in e ra lize d  minor f a u l t s  can be seen on th e  su rfa c e  
and i n  th e  underground w orkings. One s e t  s t r i k e s  n o r th e a s te r ly  and d ip s 
v e r t i c a l l y  to  70° e a s t .  The o th e r  s t r ik e s  n o rth -so u th  and v a r ie s  in
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d ip  from 70*̂  to  25^ west* These s t r u c tu r e s  a re  considered  in  more 
d e t a i l  under th e  head ing  Ore D e p o s its .
Two o th e r  n o n -m in era lized  f a u l t s  which gave evidence of s tro n g  
movement were observed in  the  workings of th e  Hidden T reasu re  mine*
They s t r i k e  rough ly  N 10^ W and d ip  80*̂  W. A t th e  tim e of th e  i n v e s t i ­
g a tio n , th ey  were n o t s u f f i c i e n t ly  exposed to  a llow  f u r th e r  o b se rv a tio n s ; 
they  a re  n o t exposed on th e  su rfa ce  *
STRUCTURAL GEOLOGIC HISTORY
The s t r u c tu r a l  geo log ic  h i s to r y  of th e  C lin to n  m ining d i s t r i c t  
can be in te r p r e te d  from th e  r e la t io n s h ip s  o f th e  igneous rocks and 
s t r u c tu r a l  f e a tu re s  in  th e  mapped a re a . The f i r s t  igneous a c t i v i t y  
r e s u l te d  in  th e  in je c t io n  o f a th ic k  d iab ase  s i l l  in  th e  G arnet Range 
fo rm a tio n . T his even t must have preceded re g io n a l fo ld in g  because i t  
seems im probable t h a t  th e  s i l l  could have been in je c te d  co n co rd an tly  
in  t i g h t l y  fo ld e d  ro c k s . Follow ing in je c t io n  of th e  s i l l ,  com pressive 
fo rc e s  a c tin g  in  a n o r th e a s t-so u th w e s t d i r e c t io n  deformed the  e n t i r e  
a re a  during  th e  Laramide orogeny in  l a t e  C retaceous o r e a r ly  T e r t ia ry  
tim e . These s t r e s s e s  formed n o rth w e s te r ly  tre n d in g  fo ld s  and f a u l t s  
in  w estern  M ontana.
To the  n o rth  o f the  th e s is  a re a ,  th e  G arnet Range fo rm ation  was 
fo ld e d  in to  a n o r th w e s te r ly  tre n d in g  a n tic l in e *  Igneous a c t i v i t y  f o l ­
lowed, r e s u l t in g  in  th e  in t r u s io n  of th e  C lin to n  s to ck  tra n sv e rse  to  
th e  re g io n a l  s t r u c tu r a l  g ra in . No d e f in i t e  age can be a ss ig n ed  to  th e  
s to c k , b u t based upon l i th o lo g ie  s i m i l a r i t i e s ,  i t  i s  t e n ta t iv e ly  c o r ­
r e l a te d  to  o th e r  in t ru s io n s  in  w estern  Montana ( l a t e  C retaceous or e a r ly
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T e r t ia ry )  from  which age d a te s  a re  a v a i la b le .  Chapman, e t  a l .  (19?5, 
p , 608) ,  m easured le a d -a lp h a  a c t i v i t y  r a t i o s  in  r a d io a c t iv e  m onazite 
and z irc o n  from the  B oulder b a th o l i th ,  and P h ilip sb u rg  b a th o l i th .
Based upon f iv e  sam ples, th e  average d e te rm in a tio n  f o r  the  Boulder 
b a th o l i th  was 68 m il l io n  y e a r s ,  su g g estin g  i t s  tim e of emplacement a t  
or near th e  end o f C re taceous, Based upon one sam ple, th e  age of the  
P h ilip sb u rg  s to c k  was found to  be 50 m il l io n  y ea rs  or e a r ly  T e r t ia ry , 
Knopf ( 1950,  p . 83U-8iiU)ÿ using  Ar^^/K^^ found an age o f 78 m ill io n  
y e a rs  f o r  g ra n o d io r i te  from th e  M ary sv ille  s to ck  a t  M a ry sv ille , Mont­
ana , su g g estin g  emplacement in  l a t e  C re taceous,
Tension f r a c tu r e s  p o s t-d a tin g  in tru s io n  of th e  C lin to n  s to ck  
were in je c te d  by magma, chem ically  s im i la r ,  and p robab ly  g e n e t ic a l ly  
r e la te d  to  th e  g ra n o d io r i te .  T his formed th e  rh y o d ac ite  d ikes of th e  
d i s t r i c t .  The chronology o f th e  fo rm ation  of th e  la rg e  normal f a u l t s  
along W allace Creek i s  n o t e n t i r e ly  c le a r .  However, i t  appears t h a t  i t  
was p re -m in e ra l because e x ten s io n s  of the  v e in s  a re  n o t found south  o f 
t h e i r  t r a c e s  along W allace Creek, L a te r  te n s io n a l  f r a c tu r in g  p rovided  
openings along which th e  m in e ra lize d  v e in s  of th e  d i s t r i c t  were form ed. 
Subsequent warping and u p l i f t ,  coupled w ith  a c t iv e  e ro s io n , have 
exposed th e  s to c k  and th e  m in e ra lize d  v e in s .
O R E  D E P O S I T S  
GENERAL CHARACTER
The ore b o d ies  o f the  d i s t r i c t  c l a s s i f i e d  acco rd ing  to  m etal 
c o n te n t and l i s t e d  in  o rd e r of economic value  a re  copper, s i l v e r ,  le a d , 
and go ld  d e p o s i ts .  The r e s u l t s  o f m in e ra liz a tio n  d i f f e r  m arkedly in  
the  sed im en tary  rocks (as  seen in  the  Hidden T reasure  mine) and in  th e  
g ra n o d io r i te  (a s  seen in  th e  Cape Nome m ine). These d if fe re n c e s  a re  
p robab ly  a t t r ib u t a b le  m ainly  to  th e  d i f f e r in g  chem ical p ro p e r t ie s  o f th e  
h o s t  ro c k s . There i s  a ls o  a d i s t i n c t  d if fe re n c e  in  the  a t t i tu d e  of the  
main m in e ra lize d  s t r u c tu r e s .  In  th e  sed im entary  ro ck s , th e  m ajor ve in s  
s t r i k e  n o r th e a s t ,  p a r a l l e l  to  th e  igneous c o n ta c t and d ip  from v e r t i c a l  
to  70° s o u th e a s t .  I n  c o n tr a s t ,  th e  v e in s  w ith in  th e  g ra n o d io r ite  s t r ik e  
p redom inan tly  n o r th -so u th  and d ip  from v e r t i c a l  to  60° w est. Most o f 
the  v e in s  show ev idence o f p re -  o r p o s t-o re  f a u l t  movement by th e  p re ­
sence of s t r i a t i o n s  and f a u l t  gouge. I t  appears th a t  th e  s t ru c tu re s  
were form ed in  te n s io n  f r a c tu r e s  caused by c o n tra c tio n  of th e  igneous 
body during  c o o lin g .
M in e ra liz a tio n  in  th e  sedim ents occurs as sm a ll, d isc o n tin u o u s , 
len s-sh ap e d  rep lacem ent bod ies in  shear zones. These rep lacem ent bodies 
average  20 f e e t  i n  le n g th  and a re  r a r e ly  w ider than  th re e  f e e t .  No 
w e ll-d e f in e d  ore  shoo ts a re  known. A zone of ore m in e ra liz a tio n  in  th e  
Hidden T reasu re  mine appears to  plunge s te e p ly  to the  south^ roughly  
p a r a l l e l  to  th e  d ip  of th e  co u n try  ro ck .
22
23
I n  g e n e ra l ,  th e  m in e ra l iz a tio n  in  th e  v e in s  w ith in  the  g ranodio­
r i t e  appears to  be more c o n tin u o u s. The v e in s  hold f i s s u r e  f i l l i n g s  up 
to  seven f e e t  wide and con tinuous f o r  d is ta n c e s  of 200 f e e t .  Because 
l i t t l e  a c t iv e  m ining has been c a r r ie d  on in  th e  g ra n o d io r i te  and most of 
th e  workings a re  in a c c e s s ib le ,  r e l a t i v e ly  l i t t l e  i s  known of th e  d e ta i l s  
of th e  ore bod ies th e r e .
F igu re  2 -  Sketch  map showing r e l a t i v e  lo c a tio n s  o f v e in s  in  
th e  C lin to n  m ining d i s t r i c t
2k
MINERALOGY
C la s s i f ic a t io n  o f Ore 
Based upon m ineralogy , f iv e  d i s t i n c t  types o f ore can be 
recogn ized  in  th e  C lin to n  m ining d i s t r i c t .  In  g e n e ra l, th ey  a re  develop­
ed dom inantly  in  one o r th e  o th e r  o f th e  two v e in  ty p e s ; rep lacem ent in  
the  sedim ents and f i s s u r e  f i l l i n g  in  the  g ra n o d io r i te ,
1 . C h a lco p y rite  -  t e t r a h e d r i t e  ores
T his type occurs in  the  Hidden T reasure  mine and i s  the  most 
common a s s o c ia t io n  in  th e  sed im entary  rocks* The v e in s  s t r i k e  
n o r th e a s te r ly  and d ip  v e r t i c a l l y  to  s te e p ly  e a s t .
2 . G alena -  c h a lc o p y r ite  o re :
T his o re  i s  dom inantly g a le n a , b u t  c o n ta in s  m inor amounts of 
c h a lc o p y r ite  and te t r a h e d r i te *  I t  occurs w ith in  th e  s e d i­
m entary rocks of th e  Hidden T reasure mine in  s t r in g e r s  th a t  
s t r i k e  n o rth w e s te r ly  and d ip  r e l a t i v e ly  g e n tly  to  th e  so u th ­
west* (See " f l a t  f a u l t s "  of F igure  5)*
3 . Galena -  s p h a le r i te  ores
Only one occurrence  of th i s  type was n o ted , and i t  can h a rd ly  
be c a l le d  ore in  a t r u e  sense* But i t  does re p re s e n t  a d i s ­
t i n c t  type o f o ccu rren ce . I t  i s  composed of a lm ost equal 
amounts o f galena and s p h a le r i te  w ith  minor c h a lc o p y r ite , 
which occur in  sm all s t r in g e r s  in  a rh y o d ac ite  d ike  app rox i­
m ately  1200 f e e t  e a s t  o f th e  Hidden T reasure v e in ,
U. C h a lco p y rite  -  b o rn i te  ores
T his i s  th e  ty p ic a l  o re found in  ve in s w ith in  th e  g ran o d io rite -
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I n  th e  Cape Nome v e in  i t  o f te n  c o n ta in s  a p p re c ia b le  amounts 
o f e n a rg i te  and c h a lc o c i te .
5# O xidized  ores
This i s  e s s e n t i a l l y  a w eathered p ro d u c t o f th e  v e in s  of the  
d i s t r i c t .  I t  c o n s is ts  o f w eathered gangue and co u n try  rock 
w ith  f r a c tu r e s  and f r e e  su rfa c e s  co n ta in in g  the  ty p ic a l  
oxide m in e ra ls  o f copper and le a d .
SULFIDE ORE MINERALS 
C h a lco p y rite  -  Copper p y r i te  (CuFeSg) i s  th e  most common ore  m inera l in  
the  d i s t r i c t  and was i d e n t i f i e d  in  a l l  th e  v e in s  in v e s t ig a te d .  I t  
occurs in  i r r e g u la r  s t r in g e r s  and v e in s  up to  12 inches wide in  th e  Hid­
den T reasu re  v e in . U su ally  i t  i s  mixed in tim a te ly  w ith  gangue m in e ra ls  
and seldom occurs m assive ly  excep t in  c lo t - l i k e  c o n c e n tra tio n s  up to  
th re e  in ch es i n  d iam ete r. I n  th e  sedim ents i t  i s  a s so c ia te d  w ith  t e t r a ­
h e d r i te  and g a le n a ; in  th e  g ra n o d io r i te ,  w ith  b o rn i te  and c h a lc o c ite , 
C h a lc o p y rite , in  the  Hidden T reasure  mine, c o n ta in s  a p p re c ia b le  amounts 
o f s i l v e r .  Assays in d ic a te  t h a t  th e  r a t i o  i s  approx im ate ly  fo u r ounces 
of s i l v e r  f o r  each p e r  c en t of copper; very  l i t t l e  gold i s  p re s e n t.
T e tra h e d r ite  -  "Gray copper" (Cu^(Sb,As)S^) i s  th e  second most abundant 
ore m in e ra l in  th e  c h a lc o p y r i te - te t r a h e d r i te  ores o f th e  sed im ents. I t s  
occurrence  was n o t no ted  in  any of th e  ve in s w ith in  the  igneous ro ck s .
In  th e  C lin to n  d i s t r i c t  i t  i s  recogn ized  by i t s  g ray  c o lo r  and re d d ish -  
brown s t r e a k .  A pparen tly  i t  c a r r i e s  very  l i t t l e  s i l v e r  f o r  assay  
r e s u l t s  show a r a t i o  o f  abou t one ounce o f s i l v e r  f o r  each p e r c en t of 
copper p re s e n t .
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The t e t r a h e d r i t e  seldom occurs in  m assive concen tra tions^  b u t 
r a th e r  as d isse m in a tio n s  and f in e  v e in l e t s .  In  some c a se s , where 
openings were a v a i la b le ,  i t  was d e p o s ite d  as sm a ll, p e rfe c tly -fo rm e d  
te t r a h e d r a .  The l a r g e s t  s in g le  c r y s ta l  observed was approxim ately  
o n e -h a lf  in ch  a c ro s s .
Galena -  Lead s u l f id e  (PbS) i s  w ide ly  d is t r ib u te d  throughout th e  v e in s  
in  th e  sed im en tary  ro c k s . I t  occu rs only s p a r in g ly  in  th e  g ra n o d io r i te . 
I t s  main occurrence  i s  in  th e  g a le n a -c h a lc o p y r ite  o res in  narrow w est­
e r ly  d ipp ing  s t r in g e r s  in  th e  Hidden T reasure  m ine. F in e ly  c r y s ta l l in e  
”s t e e l  galena** when encountered  in  the  more prom inent v e in s  q u ite  o f te n  
y ie ld s  a p p re c ia b le  q u a n t i t ie s  o f go ld . U n fo rtu n a te ly , th e se  occurrences 
a re  ex trem ely  sm all and in f re q u e n t.  In  th e  g a le n a -s p h a le r i te  o re s , i t  
occurs as p e rfe c tly -fo rm e d  cubes.
B ournonite  -  **Cog-wheel ore** (PbCuSbS^) i s  found along g a le n a - te tra h e d -  
r i t e  b o rd e rs .
B o m ite  -  "Peacock copper" (Cu^FeSj^) i s  found only in  th e  c h a lc o p y r ite -  
b o rn i te  o res of th e  g ra n o d io r i te . I t  i s  c lo s e ly  a s so c ia te d  w ith  
c h a lc o p y r ite  i n  the  v e in s ,  and i s  u s u a l ly  accompanied by sm all amounts 
o f c h a lc o c ite  and e n a r g i te .
E n a rg ite  -  v a r . L uzon ite  (Cu^AsS^) i s  found in  most of th e  ore samples 
c o l le c te d  from  th e  c h a lc o p y r i te -b o m ite  o res of th e  Gape Nome mine. Megas- 
c o p ic a l ly ,  i t  i s  recogn ized  by a dark g ray  soo ty  appearance and sub- 
m e ta l l ic  l u s t e r .  In  p o lish e d  s e c t io n ,  i t  has a d e f in i te  p in k ish  c a s t .
C h a lco c ite  -  "Copper g lance" (CU2S) occurs as a p rim ary  m inera l in  the  
hypogene zones o f a l l  th e  v e in s  in  th e  g ra n o d io r i te . I t  i s  found as an
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im p o rta n t m in e ra l c o n s t i tu e n t  o f the  c h a lc o p y r i te -b o m ite  o res in  t t  
Cape Nome m ine.
P y r i te  -  I ro n  s u l f id e  (FeSg) i s  found w idely  s c a t te re d  in  sm all amoi: 
th roughou t th e  d i s t r i c t .  But when comparing ore o f th e  C lin to n  d is t  
w ith  o th e r  s im ila r  d e p o s i ts ,  i t  i s  n o ta b ly  lack in g  in  abundance. Nc 
m ally  i t  has a n e a r ly  w hite  to  p a le  ye llow  c o lo r . I t  occurs in  minu 
f r a c tu re d  g ra in s  in  the  v e in s  and in  sm all s t r i a t e d  cubes s c a t te r e d  
th roughou t the  w a ll ro ck .
S p h a le r i te  -  ”Rosin jack" (ZnS) has been id e n t i f i e d  in  th e  g a lena-ch  
p y r i te  o res  in  th e  Hidden T reasu re  mine; however, i t  i s  p re s e n t in  s 
sm all amounts th a t  i t  h a rd ly  deserves m ention. In  th e  Hobo p ro sp e c t 
e a s t  o f th e  Hidden T reasu re , s p h a le r i te  occurs in  n e a r ly  equal amoun 
w ith  g a len a . This occurrence  i s  a lso  unim portant from an economic 
s ta n d p o in t because th e  d e p o s it c o n s is ts  of a few sm all s t r in g e r s ,  th  
l a r g e s t  o f which a re  h a rd ly  one in ch  in  w id th .
C oveH ite  -  Copper s u lf id e  (CuS) has been id e n t i f i e d  in  th e  hypogene 
o res  o f the Cape Nome m ine. However, i t s  occurrence i s  e x tre m e ly  ra  
and i t s  r e la t io n s h ip  to  th e  o th e r  ore m in e ra ls  could  n o t be determ in
SECONDARY ORE MINERALS
I n  g e n e ra l , th e  depth  of o x id a tio n  ex tends from 100 to  1^0 fe  
below th e  s u r fa c e . I t  i s  p a r t i a l  to  com plete to  th e se  d e p th s . Wher 
f r a c tu r in g  has p ro v id ed  perm eable pathways f o r  downward moving, mete 
w a te rs , lo c a l iz e d  o x id a tio n  has been observed as much as 800 f e e t  be
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th e  s u r fa c e . A weak zone o f super gene s u l f id e  enrichm ent i s  found a t  
th e  bottom  of th e  zone of o x id a tio n  in  th e  Hidden T reasure mine; i t s  
v e r t i c a l  e x te n t  averages ^0 f e e t .
C e ru s s i te  -  Lead ca rbonate  (PbCO^) i s  found in  minor q u a n t i t ie s  in  th e  
o x id ized  ou tcropp ings of some o f th e  lea d  b ea rin g  v e in s  in  th e  d i s t r i c t .  
I t  e x i s t s  a s  c ru s ts  on galena  and as sm all b r i l l i a n t  w hite  c ry s ta l s  in  
c a v i t i e s .
C h ry so co lla  -  Copper s i l i c a t e  (CuSiOg2H2Û) occurs in  th e  ox id ized  o res 
of a l l  th e  v e in s  in  th e  d i s t r i c t .  Norm ally i t  i s  c h a ra c te r iz e d  by a 
waxy green  to  b lu e -g re e n  c o lo r  and forms c ru s ts  or s c a le s  in  f r a c tu re s  
and on f r e e  s u r fa c e s .
”Copper P itc h "  -  A brown to  b lack  impure copper s i l i c a t e  i s  found in  
f r a c tu r e s  and f r e e  su rfa c e s  o f th e  ox id ized  ou tcropp ing  of th e  v e in s .
I t  appears to  be q u ite  o f te n  mixed w ith  v a r ia b le  amounts o f iro n  and 
manganese o x id es .
C o v e ll i te  -  Copper s u l f id e  (CuS) occurs as a supergene s u lf id e  m ineral 
c o a tin g  galena and c h a lc o p y r ite  in  th e  workings of th e  Hidden T reasure  
m ine. I t s  occurrence  i s  ex trem ely  r a r e .
C h a lc o c ite  -  Sooty  copper g lance (CugS) occurs in  sm all q u a n t i t ie s  in  
the  upper w orkings o f th e  Hidden T reasure  mine where i t  re p la c e s  ch a lco ­
p y r i te  and t e t r a h e d r i t e .  I t  cannot be recogn ized  m egascop ically  excep t 
where i t  has been d e p o s ite d  a long  f r a c tu re s  as a th in  s te e ly -g ra y  f i lm  
on c h a lc o p y r i te .
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M alach ite  -  Green copper carb o n ate  (Cii2C0^ (0H)2 ) i s  th e  most common of 
th e  secondary  copper m in e ra ls  in  th e  d i s t r i c t .  I t  forms g reen ish  s ta in s  
o r sm all c r u s t s  on th e  v e in s  where th ey  a re  exposed a t  th e  s u rfa c e . 
Where openings a re  a v a i la b le ,  i t  forms as sm all c lu s te r s  of ra d ia t in g  
a c ic u la r  c r y s t a l s .  M alach ite  can be found as f a r  as 800 f e e t  below the  
ground su rfa c e  where f r a c tu r e s  have p rov ided  w ater courses fo r  m eteo ric  
w a te rs .
A z u rite  -  Blue copper carbonate  (Cu2GO^(OH)2) i s  found in  s c a t te r e d  
occu rrences in  th e  d i s t r i c t .  I t  i s  n e a r ly  always v e ry  near th e  s u r fa c e , 
where i t  occurs as th in  b lu is h  film s in  f r a c tu r e s .  In  some c a se s , i t  
has been d e p o s ite d  as t in y  c r y s ta l s  in  c a v i t i e s .
N ative  Copper (Cu) was i d e n t i f i e d  in  g ra v i ty  co n ce n tra te s  du ring  an 
a ttem p t a t  m il l in g  ox id ized  ore from the  Cascade ou tcrop . I t s  occur­
rence  i s  l im i te d  and un im portan t from an economic s ta n d p o in t.
C h a lc an th ite  -  Blue v i t r i o l  (CuSO^* ̂ HgO) i s  found lo c a l ly  as a th in  
co a tin g  on the  w a lls  o f o ld  w orkings in  th e  Hidden T reasure mine.
GANGUE MINERALS
Q uartz -  (S i02 ) This m in e ra l i s  w idely  d i s t r ib u te d  in  th e  ore d ep o sits  
o f th e  C lin to n  d i s t r i c t .  I t  forms th e  p r in c ip a l  f i l l i n g  of a l l  o f the  
v e in s . I t s  u su a l occurrence  i s  as a g ray  to  w h ite , f in e -g ra in e d  ty p e . 
Most of i t  can be reco g n ized  a s  belong ing  to  one of the se v e ra l  s ta g e s  
du ring  which th e  in tro d u c tio n  of q u a rtz  took p lac e  in  th e  v e in s . Some 
of i t ,  however, appears  to  r e p re s e n t  h ig h ly  s i l i c i f i e d  in c lu s io n s  of 
w a ll ro ck .
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B a r i te  -  Heavy sp a r  (BaSO^) i s  an abundant gangue m in era l in  th e  Cape 
Nome v e in  and i s  p re s e n t  in  l e s s e r  amounts in  most o f the o th e r  ve ins 
o f th e  d i s t r i c t .  On the  3 0 0 -fo o t le v e l  o f th e  Cape Nome m ine, an i n t e r ­
growth o f m assive b a r i t e  and s i d e r i t e  was observed f i l l i n g  th e  e n t i r e  
w id th  o f th e  v e in ,  which i s  as much as seven f e e t  wide in  one place*
I t  i s  m ilky w h ite  in  c o lo r  and o ften  c o a rse ly  c r y s t a l l i n e .  No in d iv id ­
u a l  c r y s ta l s  were found*
S id e r i t e  -  I ro n  carbonate  (FeCO^) i s  p re s e n t  in  a l l  th e  v e in s  o f  th e  
d i s t r i c t  and i s  e s p e c ia l ly  abundant in  the  v e in s  w ith in  th e  g ra n o d io r ite , 
I t  occurs as a creamy w hite  m in e ra l when f r e s h ,  b u t  in  w eathered o u t­
c ro p p in g s , i t s  c o lo r  i s  deep reddish-brow n* Where openings were 
a v a i la b le ,  i t  was d ep o sited  in  p e r f e c t  cockscomb c ry s ta l s  as much as 
o n e -h a lf  in ch  across*  S id e r i t e  was p o s i t iv e ly  id e n t i f i e d  by X -ray 
d i f f r a c t i o n .
C a lc ite  -  Calcium ca rb o n a te  (CaCO^) i s  p re s e n t  in  sm all amounts in  a l l  
of th e  v e in s  s tu d ie d . I t  occurs as a l a t e  s tag e  m inera l o f hypogene 
o r ig in .  In  th e  Hobo p ro sp e c t e a s t  of the  Hidden T reasure  mine, i t  con­
s t i t u t e s  the p r in c ip a l  gangue.
H em atite  -  S p e c u la r i te  (Fe20^)w&s one of the  f i r s t  prim ary m in era ls  
form ed. I t  i s  o f te n  found in  th in  seams so f in e -g ra in e d  and so n e a r ly  
pure  t h a t  i t  s t ro n g ly  resem bled g raph ite*  I t  occurs as c lo ts  and 
s t r in g e r s  and com prises one of the  most common gangue m in e ra ls  in  the  
more prom inent v e in s ,  a lth o u g h  i t  was n o t observed in  th e  g a len a - 
c h a lc o p y r ite  ore v e in s .  The T ria n g le  and A llad in  veins co n ta in  hem atite
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so ab u n d an tly  t h a t  th ey  m ight more p ro p e r ly  be r e f e r r e d  to  a s  d e p o s its  
of i ro n  r a th e r  than  base  m e ta ls .
HIDDEN TREASURE MINE
Development
The developm ent work o f th e  Hidden T reasure  vein  has been 
accom plished la r g e ly  th rough  a d i t s ,  known as th e  No, 1 tu n n e l ( a t  k263 
f e e t  e le v a t io n )  and th e  No, 2 tu n n e l ( a t  1+000 f e e t  e le v a t io n ) .  The ore 
bod ies have been stoped  c o n s id e ra b ly  above the  upper tu n n e l , bu t a re  
e s s e n t i a l l y  unexplored  between th e  two le v e ls .  About 1800 f e e t  of 
d r i f t s  and c ro s sc u ts  have been d riv en  on th e  upper l e v e l ,  and about 
2900 f e e t  on th e  low er l e v e l .  The two le v e ls  a re  in te rco n n e c te d  by a 
v e r t i c a l ,  two-com partm ent r a i s e  and a  "doghole” r a i s e  which connects 
w ith  th e  o r ig in a l  d isco v ery  s h a f t ,  (R efer to  v e r t i c a l  s e c tio n  shown on 
P la te  5 ) .
Ore Bodies
The ore bod ies in  th e  Hidden T reasure  mine occur along a n o rth ­
e a s te r ly  tre n d in g , s te e p ly  d ipp ing  sh ea r zone, known as the  Hidden 
T reasu re  v e in . The a t t i t u d e  of th e  zone i s  i r r e g u la r ,  b u t  i t  averages 
N 1+0° E and d ip s  from th e  v e r t i c a l  to  70° e a s t .  The w idth v a r ie s  from 
th re e  f e e t  to  1+0 f e e t .  M in e ra liz a tio n  has tak en  p lace  bo th  as f i s s u r e  
f i l l i n g  and rep lacem en t o f th e  coun try  ro ck . Replacement i s  most com­
mon.
I t  appears from d a ta  c o l le c te d  d u rin g  geo log ic  mapping th a t  
s i g n i f i c a n t  m in e ra l iz a tio n  occurs where s p l i t s  from th e  predom inantly  
eastw ard  d ipp ing  f r a c tu r e s  d iv erg e  lo c a l ly  to  a w e s te r ly  d ip . P la te s
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2 and 3 a re  g eo lo g ic  maps of p o r tio n s  of th re e  le v e ls  o f th e  Hidden 
T reasu re  m ine. Note how the  m in e ra l iz a tio n  occurs in  the  w e s te r ly  
d ipp ing  s p l i t s .  T his d ivergence  a p p a re n tly  caused some or a l l  o f th e  
fo llo w in g  c o n d itio n s  which were fav o ra b le  f o r  m in e ra liz a tio n :
1 . The in te rv e n in g  rock  became b re c c ia te d  and was more perm eable 
f o r  m in e ra liz in g  s o lu t io n s .
2 . I t  i s  p o s s ib le  th a t  th e  w est-d ip p in g  s p l i t s  were the  main 
co n d u its  f o r  o re-fo rm ing  s o lu tio n s  from dep th .
3 . More f a u l t  gouge appears to  have been formed where th e  more 
r a d ic a l ly  d iv e rg e n t s p l i t s  occur. This may have caused 
lo c a l  im p erm eab ility  to  m in e ra liz in g  so lu tio n s  causing  th e  
m e ta l l ic  io n s to  be co n ce n tra te d  and p r e c ip i t a te d .
The lo c a l i z a t io n ,  s i z e ,  shape and c o n tin u ity  of the  o re bod ies 
a re  d i r e c t l y  a t t r ib u t a b le  to  th e  e f f e c ts  o f m u ltip le  s ta g e s  o f f a u l t ­
in g . Four d i s t i n c t  s ta g e s  were recogn ized  and mapped in  th e  Hidden 
T reasure mine. F ig u res 3 through 6 a re  id e a l iz e d  c ro s s -s e c tio n s  of 
the  ore body in  th e  UOOl r a i s e ,  showing th e  in f e r r e d  s ta g e s  of develop­
m ent.
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S ca le  1 inch  “ 20 f e e t
F i r .  3
F igu res 3 and L a re  id e a liz e d  c ro ss  se c tio n s  of the  ve in  in  UOOl 
R aise o f th e  Hidden T reasure  mine looking  n o r th e a s t .  F igure 3 
shows i n i t i a l  f a u l t in g  which produced movement along a curved 
f a u l t  p la n e . The opening was a p p a re n tly  p a r t i a l l y  f i l l e d  w ith  
f a u l t  gouge and b re c c ia te d  w a ll ro ck . M in e ra liz in g  s o lu tio n s  
p e n e tra te d  a l l  a v a i la b le  open spaces and cemented th e  crushed 
w all ro ck . The second s ta g e  of f a u l t in g  shown in  F igu re  U f o l ­
lowed c lo s e ly  a long  the  p a th  of th e  f i r s t .  Again a curved f a u l t  
p lan e  was formed which c u t d ia g o n a lly  through th e  e a r l i e r  formed 
v e in , f i l l i n g  and d isp lac ed  i t  in to  th re e  segm ents. Ore min­
e r a l i z a t io n  was in troduced  along  th i s  f r a c tu re  and rep lacem ent 
took p lace  f o r  s h o r t  d is ta n c e s  outw ard. Massive vein  f i l l i n g  
took p lac e  where openings were a v a i la b le .
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The th ir d  s tag e  o f f a u l t in g  shown in  F igu re  Ç formed what i s  
l o c a l ly  known as  f l a t  f a u l t s  due to  t h e i r  r e l a t i v e ly  f l a t  d ip  
which v a r ie s  from 2$ to  60 degrees to the  w est. (A pparent d ip  
i s  shown in  diagram s -  d ip  i s  toward re a d e r ) .  In  some cases 
th e se  f a u l t s  appear to  fo llow  along e a r l i e r  formed j o i n t  n la n e s .
The d isp lacem en t i s  to  th e  w est in  th e  upper b lo ck . D isp lace ­
ments have been observed in  th e  LOOl R aise o f th e  Hidden T reasure  
which vary  from a minimum o f 3 inches to  a maximum o f  3 f e e t .  I t  
i s  b e lie v e d  th a t  la r g e r  d isp lacem en ts do e x i s t ,  b u t they  n robably  
do n o t exceed 10 f e e t .  F o s t - r in e r a l  movement i s  evidenced by 
"gouge o re ."  The fo u r th  s ta g e  of movement, shown in  F igure  6 , was 
a long  a path  s im ila r  to  th a t  taken  by p rev io u s n e a r - v e r t i c a l  move­
m ents. D isplacem ent was aga in  along a curved f a u l t  p lane  which 
caused openings ard  rece iv ed  vein  f i l l i n g  and w all rock  reo lacem ent.
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GEOLOGIC MAP OF A PORTION OF THE 
4000 FOOT LEVEL ( l o w e r  t u n n e l )
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GEOLOGIC MAP OF PART OF THE 
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Paragenesis
A m icroscop ic  study  o f p o lish e d  ore  samples rev ea led  a d e f in i te  
sequence o f d e p o s itio n  and gave an in d ic a t io n  o f th e  s t r u c tu r a l  h is to ry  
d u rin g  and a f t e r  th e  d e p o s itio n  of o re . The fo llow ing  sequence was 
determ ined :
------------------ TIME------------------ >
QUARTZ
(f in e -g ra in e d )
HEMATITE
QUARTZ
( c r y s ta l l i n e )
PYRITE
SPHALERITE
CHALCOPYRITE
TETRAHEDRITE
BOURNONITE
GALENA
SIDERITE
BARITE
CALCITE ^
CHALCOCITE 
(Supergene)
F ig u re  7 -  P a ra g e n e tic  diagram showing th e  sequence and time 
in te rv a ls  o f d e p o s itio n  of the  m inera ls  of th e  
Hidden T reasure  m ine.
The f i r s t  m in e ra l d ep o s ited  was hem atite  which was in tro d u ced  
by e a r ly  s ta g e  hydrotherm al so lu tio n s  a f t e r  th e  fo rm ation  of p rim ary  
f r a c t u r e s . This s ta g e  was accompanied by s i l i c i f i c a t i o n  of th e  w a ll
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rock  and cem entation  o f th e  g one G of b re c c ia  t io n .  (See F ig . 3 ) .  I t  
appears t h a t  a l im ite d  amount o f p y r i te  was a ls o  d ep o sited  a t  t h i s  tim e.
Subsequent movement b re c c ia te d  the  v e in  f i l l i n g  and reopened the  
f r a c t u r e s ,  making way f o r  a new wave of s o lu t io n s . C ry s ta l l in g  q u a rtz  
and th en  p y r i te  were d e p o s ite d  along  f r a c tu re s  in  the w a ll rock and 
e a r l i e r  v e in  f i l l i n g *  (F ig . 1*). S p h a le r i te  was d ep o sited  lo c a l ly .
There i s  no ev idence of rep lacem ent du ring  t h i s  s ta g e  of m in e ra liz a tio n .
A change of c o n d itio n s  brought w idespread d e p o s itio n  o f copper in  
the  form of c h a lc o p y r i te .  (F ig . 8 ) .  I t  rep la ce d  q u a rtz  h em atite  and 
p y r i te  to  some e x te n t ,  and n e a r ly  o b l i te r a te d  any tra c e s  of th e  e a r l i e r  
form ed s p h a l e r i t e .  S id e r i t e  d e p o s itio n  began in  t h i s  s ta g e  and over­
lapped  th e  n e x t.  T e tra h e d r ite  fo llow ed  and rep la ce d  h e ih a tite , cha lco ­
p y r i t e ,  p y r i t e ,  and lo c a l ly ,  th e  w a ll rock  fo r  d is ta n c e s  of up to  s ix  
in ch es  outward from th e  gu id ing  co n d u it f r a c tu r e s .  (See F ig s . 9 and 11),
The n e x t s ta g e , in  which galena  was d ep o sited  (P ig . 10) ,  appears 
to  have been preceded  by movement which widened the  ve ins to  allow  
f i s s u r e  f i l l i n g  l o c a l ly .  B ournonite  i s  found as a common m inera l 
(p ro b ab ly  r e s u l t in g  from th e  re a c t io n  of galena w ith  te t r a h e d r i t e )  along 
g a le n a - te t r a h e d r i te  b o u n d a rie s . B ournonite rep laced  t e t r a h e d r i t e .
G alena rep la c e d  a l l  th e  e a r lie r - fo rm e d  ore m in e ra ls .
R epeated movement formed openings along which s i d e r i t e  and b a r i t e  
were in tro d u c e d . Some rep lacem ent of th e  p rev io u s m inera ls  by s i d e r i t e  
can be found lo c a l ly j  however, b o th  th ese  m inera ls  were d eposited  p r i ­
m arily  a s  f r a c tu r e  f i l l i n g .
L ate  s ta g e  t e t r a h e d r i t e  was d e p o site d  lo c a l ly  in  vugs as p e r f e c t  
t e t r a h e d r i t e  c r y s ta l s  on s i d e r i t e .
Uo
P o s t-m in e ra l movements a re  ev idenced  by  s l ic k e n s id e d  o re  m in e ra ls  
and "d rag  o re"  co m p le te ly  su rrounded  by  f a u l t  gouge. C a lc ite  can be  
found in  s m a ll , la te - fo rm e d  f r a c tu r e s  which c u t  th e  o th e r  m in e ra ls .
Secondary c h a lc o c i te  was found to  re p la c e  c h a lc o p y r ite  and t e t ­
r a h e d r i t e  i n  sam ples ta k e n  from  th e  e n ric h e d  zone above th e  L260- f o o t  
l e v e l  o f  th e  Hidden T re a su re .
F ig u re s  8 th ro u g h  16 a re  photom icrographs o f p o lish e d  s e c t io n s  
o f o re  sam ples from  th e  Hidden T reasu re  m ine, showing ev idence f o r  p a ra ­
g e n e tic  r e l a t i o n s h ip s .
F ig u re  6 -  H em atite  (he) re p la c e d  and c u t  by c h a lc o p y r ite  ( c p ) .
N o tice  t h a t  th e  c h a lc o p y r i te  i s  n o t a s  b a d ly  p i t t e d  
i n  t h i s  sam ple a s  i n  F ig u re  9» From th e  Hidden 
T reasu re  m ine, UOOl R s. x  55*
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F ig u re  9 •  T e tra h e d r ite  v e in le t  ( t e t )  c u ts  and re p la c e s
c h a lc o p y r ite  (cp ) and p y r i t e  (p y )# A few sm all 
c r y s ta l s  o f p y r i te  a re  enclosed  in  th e  c h a lc o p y rite . 
Note t h e i r  rounded o u tlin e s#  T e tra h e d r ite  appears 
to  have p r e f e r e n t i a l l y  rep laced  c h a lc o p y rite  over 
th e  p y r ite #  Note the  p i t t e d  o r corroded su rfa c e  of 
th e  c h a lco p y rite#  This may have been caused by 
c o rro s io n  by la te - s ta g e  prim ary  s u l f a te  so lu tio n s#  
From th e  Hidden T reasure  m ine, LOOl Rs# x 55#
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F ig u re  10 -  C h a lco p y rite  (cp ) has been rep laced  by t e t r a h e d r i t e  
( t e t ) .  Both in  tu rn  were rep la ce d  by galena (g ) .  
Note how th e  p a t te r n  o f rep lacem ent i s  c o n tro l le d  
by th e  q u a rtz  c o n ta c ts .  The q uartz  c ry s ta l s  (q) 
en c lo se  sm all b le b s  o f galena and c h a lc o p y r ite . 
These may have been d ep o site d  on th e  q u a rtz  w hile  
c r y s ta l  growth was s t i l l  a c t iv e  e a r ly  in  th e  deposi- 
t i o n a l  sequence; From th e  Hidden T reasure  m ine, 
üOOO-foot l e v e l ,  x 55*
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F ig u re  11 -  T e tra h e d r ite  ( t e t )  has re p la c e d  h em atite  (h e ) , c h a lco -
p y r i te  (cp ) and s i d e r i t e  (ca rh ) along m inera l b o u n d arie s . 
S id e r i t e  and hem atite  were p re v io u s ly  rep laced  by ' c h a l-  
c o p y r i te .  From th e  Hidden T reasure mine, i^OOl Rs. x
1
F ig u re  12 -  G alena (g ) has re p la c e d  s p h a le r i te  ( s p ) ,  tetrahed*  
r i t e  ( t e t )  and p y r i te  (p y ) . N otice th e  corroded 
o r su tu re d  edges on th e  p y r i t e .  From th e  Hidden 
T reasu re  m ine, UOOO-foot l e v e l ,  x
U2.
u
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F igu re  13 -  Advanced replacem ent o f p y r i te  (py) by ga lena  (g)# 
Q uartz has been rep la c e d  to  some e x te n t .  Note th e  
rounded c r y s ta l  o u t l in e s  o f p y r i t e .  From th e  Hidden 
T reasure  mine, UOOl Rs. x  55»
F ig u re  lli -  C h a lco p y rite  ( c p ) ,  t e t r a h e d r i t e  ( t e t ) ,  and galena (g) 
re p la c in g  h e m a ti te ,(h e ) .-  C h a lco p y rite  in  c e n te r  was 
re p la c e d  by t e t r a h e d r i t e ,  fo llow ed by g a le n a ,'w h ic h  
re p la c e d  b o th . From th e  Hidden T reasure m ine, UOOO- 
fo o t  l e v e l .  X 5$.
F ig u re  15 -  Supergene c h a lc o c ite  (cc) has rep laced  c h a lc o p y rite  (cp) 
and t e t r a h e d r i t e  ( t e t ) *  . Note th e  rem ains o f p y r i te  
(py) g ra in s  i n  th e  c e n te r  and upper p a r t  o f th é  p ic tu r e .  
From th e  Hidden T reasure m ine, U 260-foot l e v e l ,  x 28.
F ig u re  16 -  I n d iv id u a l  la th -sh a p e d  c ry s ta ls  o f hem atite  (he) in  
c h a lc o p y r ite  (c p ) . Carbonate (ca rb ) o f a l a t e  s tage  
h as p r e f e r e n t i a l l y  re p la c e d  c h a lc o p y rite  and h em a tite  
a long  th e  h em atite  c r y s ta l  boundaries! From th e  
Hidden T reasu re  m ine, UOOl Rs. x  310.
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GAPE NOME MINE
Development
The developm ent workings o f the  Cape Nome mine c o n s is t  o f two 
a d i t s  and a two-com partm ent, v e r t i c a l  s h a f t  from which c ro ssc u ts  and 
d r i f t s  have been d riv en  on th re e  l e v e ls .  (R efer to  th e  v e r t i c a l  lo n g i­
tu d in a l  s e c t io n  on P la te  $ , which shows the  re la t io n s h ip s  o f th ese  
w orkings)# An agg rega te  t o t a l  of n e a r ly  6,000 f e e t  o f underground 
w orkings e x i s t .  They a re  d esc rib ed  as fo llo w s î
1 . Upper tu n n e l . This i s  an a d i t  which was d riv en  southward 
on th e  Cape Nome v e in  f o r  approxim ately  800 f e e t .  A t th e  
tim e of th e  in v e s t ig a t io n ,  i t  was caved and in a c c e s s ib le .
2 . Lower tu n n e l . (1 0 0 -fo o t le v e l  shown on P la te  U, page 5 o ). 
This i s  a ls o  an a d i t  c o n s is t in g  o f a c ro s sc u t fo r  ap p ro x i­
m ately  300 f e e t  e a s te r ly  to  th e  Cape Nome v e in  and 3$0 f e e t  
of d r i f t  t o  th e  so u th . Another c ro ssc u t was d riv en  w e s te rly  
f o r  90 f e e t  from th e  end of the  d r i f t .
3 . Cape Nome s h a f t .  A we1 1 -tim bered , v e r t i c a l ,  two-compartment 
s h a f t  has been sunk to  a depth  of $00 f e e t .  A sump extends 
1$ f e e t  below t h i s .
1*. 200- fo o t  l e v e l .  A s ta t io n  was cu t and a d r i f t  extended 
southw ard a t  a  p o in t  200 f e e t  below the  s h a f t  c o lo r . I t  
ex p lo res  a weak s t r u c tu r e  n o t exposed in  any of th e  o th e r 
w orkings. There a re  approxim ately  7$ f e e t  of d r i f t  on t h i s  
l e v e l .
5 , 3 0 0 -fo o t l e v e l .  From th e  300-foo t le v e l  of the  s h a f t ,  a
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c ro s s c u t  was d riv en  e a s te r ly  f o r  108 f e e t  to  th e  Cape Nome 
v e in . From th is  p o in t ,  a d r i f t  extends so u th e r ly  along the  
v e in  f o r  app rox im ate ly  U20 f e e t .  The workings to  t h i s  depth 
were examined b r i e f l y  in  1958 during  an a ttem p t to  dew ater 
th e  Cape Nome s h a f t .
6 .  500- f o o t  l e v e l .  The workings on th e  500 -foo t le v e l  c o n s is t
o f a c ro s sc u t  d riv en  e a s te r ly  f o r  I 2I4 f e e t  to  the  Cape Nome 
v e in . A d r i f t  a long  the  v e in  extends fo r  approxim ately  8OO 
f e e t  to  th e  south* A r a i s e  on th e  ve in  connects th e  300- and 
5 0 0 -fo o t le v e ls  from near the  end of the  c ro s s c u t. Rowe, 
( 1910,  p . 1101) ,  r e p o r ts  th a t  th e  S pecu la to r Mining Company
of B u tte , Montana, extended a d r i f t  from th e  500-foo t le v e l
of the  Cape Nome s h a f t  approx im ately  I 8OO f e e t  to  th e  n o r th .
Ore B odies
The o re  bod ies o f the  Cape Nome mine occur along a s e r ie s  of 
n o r th e r ly  s t r ik in g  f a u l t s  th a t  d ip  from near v e r t i c a l  to  approxim ately  
60° w e st. The m ajor s t ru c tu r e  in  th e  mine i s  th e  Cape Nome v e in , which 
has been ex p lo red  f o r  n e a r ly  1000 f e e t  along i t s  s t r ik e  and to  a depth 
o f 500 f e e t .  L i t t l e  i s  known of th e  v e in  on th e  500-foo t l e v e l ,  b u t 
acco rd ing  to  o ld  r e p o r t s ,  i t  i s  ”s t i l l  s tro n g  and w e ll-m in e ra liz e d ." 
D uring th e  course o f  t h i s  in v e s t ig a t io n ,  p a r ts  of the  low er tu n n e l n o t
covered  by tim b erin g  were mapped in  d e t a i l  and the 200- and 300-foo t
le v e ls  were examined b r i e f l y .
The Cape Nome v e in  as seen in  the  lower tu n n e l ( r e f e r  to  P la te  U), 
d ip s  n e a r ly  v e r t i c a l l y  and v a r ie s  in  w idth from f iv e  to  12 f e e t .  F is su re  
f i l l i n g  i s  n o t co n tin u o u s, b u t occurs in  len s-sh ap ed  bod ies 30 to  50 f e e t
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long  and up to  th re e  f e e t  w ide. O xidation  of the  v e in  in  the  lower 
tu n n e l has changed most o f the  p rim ary  s u lf id e s  (c h a lc o p y r ite , b o rn i te ,  
c h a lc o c i te ,  e n a r g i te ,  p y r i t e  and g a le n a ) , to  secondary carbonates and 
o x id e s . S u lf id e s  a re  p re s e n t where the  en c lo sin g  gangue has p ro te c te d  
them from o x id a tio n .
The c ro s s c u t  o f th e  low er tu n n e l a ls o  c u ts  an o th e r v e in  app rox i­
m ate ly  150 f e e t  from the  p o r t a l .  Because the  ve in  does n o t crop o u t a t  
th e  s u r fa c e , i t  i s  known' as the  B lind  lead* I t  s t r ik e s  n e a r ly  p a r a l l e l  
to  th e  Cape Nome v e in  b u t d ip s to  th e  west a t  an average angle of 65°.
I t  v a r ie s  i n  w id th  from b to  8 f e e t .  M in e ra liz a tio n  occurs as f i s s u r e  
f i l l i n g s  a long  the  fo o tw a ll in  s h o r t  lens-shaped  bod ies which appear 
to  have g r e a te r  v e r t i c a l  than  h o r iz o n ta l d im ensions. The g r e a te s t  w idth 
of m in e ra liz a tio n  observed was s l i g h t ly  under th re e  f e e t .
The ore m in e ra ls  o f th e  Cape Nome mine c o n s is t  o f c h a lc o p y r ite , 
b o r n i te ,  c h a lc o c ite  and e n a rg i te .  Secondary m a lac h ite , a z u r i te  and 
soo ty  c h a lc o c ite  c o a t f r a c tu r e s  and f r e e  su rfaces  in  vugs. The gangue 
i s  composed o f q u a r tz ,  s i d e r i t e ,  and b a r i t e .  Minor post-m ine chalcan -
t h i t e  occurs l o c a l ly .
During the  b r i e f  exam ination o f the  Cape Nome ve in  on th e  300- 
f o o t  le v e l  in  1958, a reconnaissance  was made through a c c e ss ib le  
w orkings, and samples were c o lle c te d  f o r  la b o ra to ry  s tu d y . A lthough 
no map was made and few measurements tak en , the  fo llow ing  b r i e f  des­
c r ip t io n  can be g iven : The ve in  v a r ie s  in  w id th  from th ree  to  seven
f e e t .  F is su re  f i l l i n g  by q u a r tz , b a r i t e ,  s i d e r i t e ,  hem atite  and 
copper s u l f id e s  appears in  most in s ta n c e s  to  be continuous over th is  
e n t i r e  w id th . The v e in  d ip s  n e a r ly  v e r t i c a l l y  n ear th e  s h a f t ,  b u t
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tow ard th e  so u th e rn  e x te n t  o f th e  a c c e s s ib le  w orkings, i t  d ips approx i­
m ate ly  70® w e st.
The w a ll rock  on t h i s  le v e l  i s  much ”t i g h t e r ” than on the  upper 
le v e ls  and ev idence  of hydrotherm al a l t e r a t io n  even in  c lo se  p rox im ity  
to  th e  v e in  cannot be seen m egascop ically . The ore m inerals occur in  
d issem in a ted  b le b s  and narrow  s tr in g e rs *  No massive s u lf id e s  were ob­
se rv e d . P a r t i a l  o x id a tio n  of th e  s u lf id e s  was found lo c a l ly .
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The fo llo w in g  i s  a p a ra g e n e tic  diagram  of th e  m inerals o f th e  
Cape Nome mine;
 -------------------- TIME----------------->
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CHALCOCITE 
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F ig u re  1? -  P aragenetj.c  diagram  showing the  sequence and time 
in tervaüs*deposition  of the  m inerals o f th e  Cape 
Nome m ine, based on samples from a l l  th e  a c c e ss ib le  
w orkings•
The sequence o f d e p o s itio n  of the  o res of th e  Cape Nome mine 
b eg in s w ith  th e  in tro d u c tio n  of s i l i c a  along prim ary f r a c tu re s  in  the  
g ra n o d io r ite *  This s tag e  appears to  c o r r e la te  w ith  the c r y s ta l l in e  
q u a rtz  s ta g e  of m in e ra liz a tio n  in  the  Hidden T reasure vein* C onsider­
a b le  open space f o r  c r y s ta l  growth i s  evidenced by abundant euhedra l 
q u a rtz  c r y s ta l s  o f t h i s  stage»  Abundant hem atite  was fo llow ed by 
l im i te d  p y r i te  and was in tro d u ced  w ith  th e  q u a rtz .
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Movement which r e s u l te d  in  s l i g h t  widening of the f i s s u r e s  was 
fo llow ed  by lo c a l  d e p o s itio n  o f g a len a , th en  by copper-bearing  so lu tio n s  
which d e p o site d  c h a lco p y rite#  B o rn ite  fo llow ed and rep laced  chalcopy­
r i t e  (F ig u re  18) # E ith e r  a renew al o f co n d itio n s  which p r e c ip i ta te d  
c h a lc o p y r i te  o ccu rred , o r th e re  was an overlap# T his s tag e  was accom­
p an ied  by s l i g h t  f r a c tu r in g .  C h a lco p y rite  was d ep o sited  again  in  th e  
f r a c tu r e s  and re p la c e d  b o rn i te  in  f in e  need le-shaped  p e n e tra tio n s  along 
c leav ag e  p la n e s . (F igu re  2 0 ).
A change o f c o n d itio n s  governing  th e  p r e c ip i ta t io n  of th e  s u l ­
f id e s  was fo llow ed by d e p o s itio n  o f e n a rg ite  (v a r .  lu z o n i te ) .  E n arg ite  
c u t  by c h a lc o p y r ite  in d ic a te s  th a t  c h a lc o p y rite  d e p o s itio n  overlapped 
in to  t h i s  s ta g e . E n a rg ite  c u ts  b o th  th e  b o rn ite  and the  c h a lc o p y rite  
b u t  appears to  p r e f e r e n t i a l l y  rep la ce  th e  b o rn i te .
M ild f r a c tu r in g  was accompanied or fo llow ed by d e p o s itio n  of 
p rim ary  c h a lc o c i te .  V e in le ts  c u t a l l  th e  p rev ious m in e ra ls . Where they  
c u t th e  boundary from c h a lc o p y rite  in to  b o rn i te ,  th e y  appear to  sw ell 
s l i g h t l y  in d ic a t in g  a p re fe ren c e  fo r  replacem ent of th e  b o rn i te .
F ig u re  22 shows c h a lc o c ite  re p la c in g  b o rn ite  w ith  a g raphic 
te x tu re #
Reopening of th e  ve in s  was fo llow ed  by w idespread in tro d u c tio n  
o f s i d e r i t e  and b a r i t e .  Where open spaces were a v a i la b le ,  th e  s id e r i t e  
forms cockscomb—shaped c r y s ta l  c lu s te r s .  In  most c a se s , th e  s id e r i t e  
and th e  b a r i t e  were d ep o sited  s e p a ra te ly ,  b u t o c ca s io n a lly  they  a re  
found in t im a te ly  in te rg ro w n , form ing an in te r lo c k in g  te x tu r e .  The 
s i d e r i t e  i s  a ls o  found re p la c in g  a l l  th e  ore m in e ra ls . I t  forms f in e
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h a i r l i k e  th re a d s  in  th e  c e n te r  o f th e  c h a lc o c ite  v e in le t s  t h a t  were 
e v id e n t ly  reopened d u rin g  a  l ^ t e  s ta g e  o f f r a c tu r in g .  Secondary copper 
m in e ra ls  a re  found re p la c in g  a l l  th e  s u l f id e s  a long  l a t e  form ed f r a c ­
t u r e s .
F ig u re s  18 th rough  23 a re  photom icrographs o f p o lish e d  s e c t io n s  
o f  o re  m in e ra ls  from  th e  Cape Nome m ine.
F ig u re  18 -  E a r ly  s ta g e  c h a lc o p y r ite  (cp ) has been c u t and re p la c e d  
a long  v e in le t s  o f  b o rn i te  (b n ) .  The p i t t i n g  in  t h i s  
sample was p ro b ab ly  caused by l a t e  s ta g e  so lu tio n s  which 
a c te d  a s  s tro n g  s o lv e n ts .  Sample from  th e  Cape Nome 
m ine, low er tu n n e l ,  B lin d  le a d , x  55»
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F ig u re  19 -  Second s ta g e  c h a lc o p y r ite  (cp ) which has re p la c e d  
b o rn i te  (b n ) . The rep lacem en t i s  guided along  th e  
b o u n d a rie s  o f  q u a rtz  (q z) c r y s t a l s .  The p i t t i n g  seen  
in  F ig . 17 i s  n o ta b ly  la c k in g  i n  t h i s  sam ple. From 
Cape Nome v e in , low er tu n n e l ,  x  5$.
F ig u re  20 -  Second s ta g e  c h a lc o p y r ite  (cp ) re p la c in g  b o rn i te  (bn) 
a lo n g  b o rn i te  c leavage p la n e s . The b la c k  sp o ts  a re  
caused  by  p i t t i n g .  From Cape Nome v e in ,  lower tu n n e l,
X 310.
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F ig u re  21 -  C h a lc o p y rite  (cp ) and b o rn i te  (bn) show cusp and c a r ie  
te x tu r e  in  t h i s  p i c tu r e ,  in d ic a t in g  b o rn i te  has re p la c e d  
c h a lc o p y rite #  E n a rg ite  (e )  ( lu z o n i te )  has c u t and r e ­
p la c e d  b o th  c h a lc o p y r ite  and b o rn ite #  I t  a p p a re n tly  
p r e f e r e n t i a l l y  re p la c e d  th e  b o r n i te • From Cape Nome v e in , 
low er tunnel#  x
F ig u re  22 -  G raphic in te rg ro w th  te x tu re  o f b o rn i te  (bn) in  c h a lc o c ite  
(c c )  which has re p la c e d  i t#  The c h a lc o c ite  i s  o f hypo-  
gene o rig in *  From Cape Nome v e in ,  3 0 0 -fo o t lev e l#  x  5?*
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F ig u re  23 -  S id e r i t e  ( carb) has rep la ce d  a l l  p re v io u s ly  d ep o sited  
ore m in e ra ls  outward from a f r a c tu r é .  The f r a c tu r e  
has been reopened by l a t e  movements. T h is was th e  only 
sample in  which c o v e l l i t e  (cov) was i d e n t i f i e d .  I t s  
r e la t io n s h ip  to  th e  o th e r  m in e ra ls  was n o t determ ined 
due to  i t s  i s o la te d  o ccu rren ce . The b lac k  l in e  i s  an 
open f r a c t u r e .  From the  Cape Nome v e in , 3 0 0 -fo o t 
l e v e l .  X 55 .
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OTHER DEPOSITS
S u rface  e x p lo ra to ry  work th roughou t the  d i s t r i c t  has exposed a 
number o f p rom ising  look ing  d e p o s i ts ,  most o f which a re  w ith in  the  grano— 
d io r i te #  The in d iv id u a l  ve ins seen on th e  su rface  a re  c h a ra c te r iz e d  by 
a  c e n t r a l  zone o f i ro n  d is c o lo ra tio n  and by b leach in g , which extends 
outw ard on b o th  s id es*  D isc o lo ra tio n  i s  u su a lly  bounded by th ic k  seams 
o f c la y e y  gouge p robab ly  formed by f a u l t  movement compounded by w eather­
i n g  which caused th e  downward m ig ra tion  and co n cen tra tio n  of hydrotherm al 
a l t e r a t i o n  p ro d u c ts  o f th e  w a ll ro ck . Most o f th e  ve ins a re  from one to  
f i v e  f e e t  in  w id th ; however, a few a re  as much as 12 f e e t .  Measurements 
o f su rfa c e  exposures must be made w ith  c au tio n  because "blooming" of the  
v e in  ou tcrops due to  w eathering  i s  common.
Rowe ( 1910) d e sc rib e d  a number of o th e r  p ro p e r t ie s  during a time 
when th e  d i s t r i c t  was a c t iv e .  The fo llow ing  d e sc r ip tio n s  are  inc luded  
to  make a  more com plete trea tm en t of the  e n t i r e  d i s t r i c t  in  th i s  rep o rts
THE TRIANGLE GROUP -  T his group c o n s is ts  of e leven  c la im s, th e  most im­
p o r ta n t  of which a re  th e  T ria n g le  and the Grass Widow. There a re  two 
v e in s  on th e  T rian g le  and th e  Grass Widow, These two claim s a re  the  
ones m ostly  developed. The main v e in  has been d r i f te d  upon f o r  5Ü0 
f e e t ,  w ith  a depth  from  th e  o u tc ro p , o f about LOO f e e t .  The ve in  or 
f r a c tu r e d  zone i s  in  the  g ra n ite  and has se v e ra l s t r in g e r s  o f h igh - 
grade copper ore ru n n in g  p a r a l l e l  w ith  i t .  One of th ese  s t r in g e r s  or 
seams assayed  l.S»h% copper, 0.2ii oz. go ld , and 3 .2  oz, s i l v e r . I t  i s  
claim ed t h a t  th e  v e in  in  th e  p re s e n t  face  o f the  tu n n e l i s  lit f e e t  
wide and sam ples taken  from th e  fac e  gave 2% copper, 5 oz. s i l v e r  and
O.O&zgold.
The G rass Widow v e in  has been opened by two sm all d r i f t s ,  one 
50 f e e t  and the  o th e r  75 f e e t  lo n g . While th e  w r i te r  d id  not v i s i t  the  
v e in , i t  i s  claim ed in  th e  company's r e p o r t  t h a t  i t  i s  from 5 to 8 f e e t  
w ide, t h o r o u ^ l y  im pregnated w ith  c h a lc o p y r i te , a z u r i te  and m alach ite , 
and a ssay s  from th ese  r e s u l te d  as high as 26% copper, w ith  gold and 
s i l v e r  p r e s e n t .  A c ro s s c u t from th e  T rian g le  tu n n e l 513 f e e t  a long to
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th e  G rass Widow v e in  has been ru n , and a d r i f t  o f 1?0 f e e t  run on the 
G rass Widow v e in  where t h i s  c ro s sc u t from th e  T rian g le  cu ts  i t .
THE ALLADIN GROUP -  T his group l i e s  d i r e c t l y  n o rth  and e a s t  of th e  
Cape Nome and has running th rough  i t  th e  same vein  as the  Cape Nome 
ground. There a re  th re e  c la im s in  t h i s  group, the A lla d in , Sovereign 
and **A” Ex.
B efore 1907, th e  p ro p e r ty  was developed by a few p ro sp e c t tu n ­
n e ls  and s h a f t s ,  b u t  i n  1907 the  S p ecu la to r Mining Co. of B u tte , Mont. 
took a  le a s e  and bond on th e  p ro p e r ty  and began to  develop i t  from th e  
5 0 0 -fo o t s h a f t  l e v e l  o f the  Cape Nome s h a f t .  The company d id  1700 to  
1800 f e e t  o f d r i f t i n g  on a v e in , c ro s sc u t to  th e  w est and a few f e e t  to  
th e  e a s t ,  b u t a p p a re n tly  d id  no t s t r i k e  the Cape Nome vein  p roper befo re  
tim e f o r  ta k in g  up th e  bond ex p ired  and thence d id  no t tak e  over the  
p ro p e r ty . The w r i te r  v i s i t e d  th e  underground workings on th e  A llad in  
ground a t  th e  tim e th e  company was o p e ra tin g , aind b e lie v e s  t h a t  a c ro ss ­
c u t  to  th e  e a s t ,  n o t over 200 or 300 f e e t  would cu t th e  Cape Nome le a d .
I t  seems h ig h ly  p robab le  t h a t  when th i s  lead  i s  s t ru c k , good ore w i l l  
be en co u n te red . The su rfa c e  in d ic a t io n  and those in  a shallow  s h a f t ,  
p o in t  to  an ore sh o o t on th e  Cape Nome v e in , as i t  con tinues in  th e  
A lla d in  t e r r i t o r y .  T h is , when c u t by a c ro s sc u t from th e  main d r i f t  of 
th e  S p e c u la to r  tu n n e l ,  would y ie ld  c o n sid e rab le  sto p in g  ground.
ALTERATION
S e r i c i t i z a t i o n  and s i l i f i c a t i o n  a re  the  dominant types of 
a l t e r a t i o n  found a long  the  v e in s  of the d i s t r i c t .
Hidden Treasure Vein
I n  th e  sedim ents b o rd e rin g  th e  Hidden T reasure v e in , a l t e r a t io n  
i s  reco g n ized  by s tro n g  b lea ch in g  of th e  w all rock . This i s  caused by 
s e r i c i t i z a t i o n  and s i l i c i f i c a t i o n  of th e  metamorphosed G arnet Range 
fo rm a tio n . The in te n s i t y  of th e  b leach ing  seems to  be p ro p o r tio n a l to  
th e  i n t e n s i t y  o f m in e ra l iz a tio n  and should be used as a guide in  the  
se a rc h  f o r  o re . The h a lo s  of a l t e r a t io n  extend outward from the  veins 
f o r  d is ta n c e s  v a ry in g  from one to  20 f e e t .  Between th e  zones of a l t e r ­
a t io n  most of th e  rock i s  f r e s h ,  excep t where c u t by su b s id ia ry  f r a c tu r e s . 
A l te r a t io n  i s  most in te n s e  in  th e  hanging w alls  of th e  v e in s .
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M icroscopic o b se rv a tio n s  comparing f r e s h  w ith  hydro therm ally  
a l t e r e d  m a te r ia l  showed th a t  th e  e f f e c t s  o f a l t e r a t io n  have caused 
rem oval o f  p y r i te  and amphibole and in tro d u c tio n s  of s e r i c i t e  and 
q u artz*
Cape Nome Vein
I n  th e  g ra n o d io r i te ,  a l t e r a t io n  i s  weak in  th e  fo o tw a lls ,  b u t 
th e  hanging w a lls  a re  so in te n s e ly  a l t e r e d  th a t  heavy tim b erin g  i s  
re q u ire d  to  h o ld  th e  ground during  mining opera tions*  In  th e  upper 
l e v e ls  o f th e  Gape Nome, th e  a l t e r a t io n  has so ften ed  th e  w a ll rock 
enough to  In c re a s e  p e rm e a b ility , th u s allow ing su rface  w aters to  pene­
t r a t e  and superim pose th e  e f f e c t s  o f w eathering  on th e  hydrotherm al 
a l t e r a t io n *
The i n t e n s i t y  o f a l t e r a t io n  appears to  be d i r e c t ly  dependent 
upon th e  amount o f d ip  o f th e  v e in s . Where th e  d ip  i s  n e a rly  v e r t i c a l ,  
no a l t e r a t i o n  h a lo  can  be seen m egascop ica lly . A th in  s e c t io n , how­
e v e r ,  showed some s i l i c i f i c a t i o n ,  s tro n g  s e r i c i t i z a t i o n  of the  fe ld s p a rs  
and c h lo r i t i z a t i o n  of th e  b i o t i t e .  E p id o te , p robably  as a hydrotherm al 
a l t e r a t i o n  p ro d u c t, has been d ep o sited  along  jo in t s  and shear planes*
As th e  d ip  d e c re a se s , a l t e r a t io n  in c re a s e s ,  e s p e c ia l ly  in  th e  hanging 
w a l l .  T his may be due to  r e ta r d a t io n  of hydrotherm al so lu tio n s  along 
f r a c tu r e s  o f le s s  d ip ,  o r to  an in c re a se d  amount of f r a c tu r in g  in  the  
hang ing  w a ll  ^ i c h  c a r r ie d  r e l a t i v e ly  g re a te r  amounts of hydrotherm al 
s o lu t io n s .  Along th e  B lin d  le a d  in  the  low er tu n n e l of the  Cape Nome, 
a l t e r a t i o n  i s  pronounced f o r  d is ta n c e s  o f  12 f e e t  in to  th e  hanging w all 
of th e  v e in . The dip i s  approx im ate ly  65° to  th e  w est. Along the  Cape 
Nome v e in  on t h i s  l e v e l ,  a l t e r a t i o n  i s  confined  to  a narrow zone
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ap p ro x im ate ly  one f o o t  wide on b o th  s id e s  of th e  vein* Here the  d ip  
i s  ap p ro x im ate ly  v e r t ic a l*
ENRICHMENT
When o re  d ep o sits j, e s p e c ia l ly  th o se  o f copper, a re  exposed to  
o x id iz a t io n ,  su lp h id e  m in e ra ls  o f te n  b reak  down in to  so lu b le  and in s o l ­
u b le  p roducts*  The so lu b le  p ro d u c ts  a re  c a r r ie d  downward below th e  
ground w ater ta b le  by m eteo ric  w aters and a re  f re q u e n tly  d ep o sited  as 
su lp h id e s  upon o th e r  su lp h id e s , th e reb y  form ing a zone of supergene 
s u l f id e  enrichm ent* In  some d i s t r i c t s  th i s  zone of enrichm ent i s  th e  
on ly  p o r t io n  of th e  d e p o s it r ic h  enough to  be mined*
One o f th e  prim e requ irem en ts f o r  supergene enrichm ent i s  the  
a v a i l a b i l i t y  o f s u l f u r ic  a c id  and f e r r i c  s u l f a t e ,  which take  the  m eta l­
l i c  io n s  in to  s o lu t io n .  Most commonly, bo th  so lv e n ts  a re  d e riv ed  from 
th e  decom position  o f c h a lc o p y r ite  and p y r i te  under w eathering  cond i­
tio n s*
C lim a tic  c o n d itio n s  and th e  r e l a t i v e  p a u c ity  of p y r i te  in  the 
C lin to n  d i s t r i c t  may have h in d e red  the  adequate fo rm ation  of so lv e n ts  
f o r  s tro n g  supergene enrichm ent* However, weak supergene enrichm ent has 
occu rred  over a v e r t i c a l  d is ta n c e  of 20 to  100 f e e t  below th e  ground 
su rfa ce *  I t  was from  t h i s  zone th a t  most o f th e  e a r ly  p roduction  was 
ob tained*  I t  i s  p o s s ib le  t h a t  a long tim e of exposure to e ro s io n  to ­
g e th e r  w ith  an a c t iv e ly  downward-moving w ater ta b le  has o f f s e t  th e  
r e l a t i v e l y  l im ite d  amount of a v a ila b le  sources of so lv e n ts . While the  
supergene zone does n o t c o n s t i tu te  a bonanza type d e p o s it, i t  n ev e rth e ­
le s s  i s  an im p o rtan t f a c to r  in  th e  economics of th e  d i s t r i c t  fo r  the  ores
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a re  o f te n  tw ice  a s  r i c h  as th o se  in  th e  hypogene zone#
In  g e n e ra l th e re  i s  no enrichm ent of the  oxide zone. However, 
l o c a l  oxide "bloom ing” in  some of th e  vein  outcrops has caused a p p re c i­
a b le  a p p a re n t w idening o f  the  v e in s . Thus a narrow v e in  c a l le d  th e  
Cascade o u tc ro p  produced a s u b s ta n t ia l  mining w idth a t  the su r fa c e .
MINERAL ZONING
What m ight be d esc rib e d  as l a t e r a l  zoning of m inera ls  can be 
found when comparing th e  o res  o f th e  Hidden T reasure and Cape Nome m ines. 
W hether t h i s  i s  caused by d if fe re n c e s  in  the  com position o f th e  w all 
rock  (which in  tu rn  a f fe c te d  th e  chem istry  of th e  ore s o lu t io n s ) ,  or 
d i f f e r in g  p re s su re - te m p e ra tu re  co n d itio n s  during  d e p o s itio n , i s  n o t 
known. However, th e  form er i s  su sp ec ted , m ainly because of th e  f a c t  
th a t  no b o rn i te  i s  found in  th e  ve ins w ith in  th e  sedim entary  ro c k s , b u t  
i t  i s  alw ays found in  a d ja c e n t v e in s in  th e  g ra n o d io r ite  th a t  must have 
been m in e ra liz e d  under s im ila r  tem p era tu re -p re ssu re  c o n d itio n s . A lso , 
g a len a  which i s  abundant i n  th e  ores o f th e  sed im en ts, i s  p re s e n t in  
v e ry  minor amounts in  th e  g ra n o d io r i te .  Thus, i t  appears th a t  th e re  i s  
a  chem ical r a th e r  than  a tem p era tu re -p res  sure cause fo r  the apparen t 
m in e ra l zon ing .
E C O N O M I C  P O T E N T I A L
GENERAL CONSIDERATION 
The fundam ental f a c to r s  to  be kep t in  mind when co n sid erin g  
th e  economic p o s s i b i l i t i e s  o f a m ining d i s t r i c t  a re  the  a v a ila b le  
q u a n ti ty  and q u a l i ty  of o re  and th e  p r o f i t  th a t  can be gained from i t s  
e x tra c tio n *  The p r o f i t  depends upon p re v a i lin g  m etal p r ic e s  and m ining 
e f f ic ie n c y  and i s  beyond th e  scope of t h i s  p ap er. T h ere fo re , t h i s  d i s ­
c u ss io n  i s  con fined  to  th e  s iz e  of th e  d e p o s i ts ,  th e  depth  to  which th e y  
may be expec ted  to  c o n tin u e , th e  m etal c o n te n t and th e  p ro b a b i l i ty  of 
d isc o v e rin g  new o re .
SIZE OF THE DEPOSITS 
L i t t l e  can d e f in i t e ly  be sa id  about th e  s iz e  o f the  ore bod ies 
of th e  d i s t r i c t ,  ex cep t t h a t  those thus f a r  developed have proved to  be 
sm a ll.
The development and e x p lo ra tio n  work in  the  lower le v e ls  of the  
Hidden T reasu re  mine ( to  December I960) has no t in d ic a te d  any ore  bodies 
la rg e  enough or r i c h  enough to  be considered  of any im portance. Most of 
them a re  narrow , d isco n tin u o u s le n s e s ,  which probably  do n o t co n ta in  
more th an  200 tons o f commercial o re . The excep tion  may be in  th e  r e ­
l a t i v e l y  narrow zone of supergene su lf id e  enrichm ent. The o u tlin es  of 
th e  o ld  workings in  th e  Hidden T reasure mine in d ic a te  th a t  m inable ore 
b o d ies  of perhaps s e v e ra l thousand tons were removed from th is  zone by 
e a r ly  day m ining o p e ra tio n s .
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The Cape Nome v e in  appears to  have more c o n tin u ity  th an  any o f 
th e  o th e r  v e in s  in v e s t ig a te d ,  b u t  w hether th e re  i s  c o n tin u ity  of m iner­
a l i z a t i o n  i s  n o t known.
DEPTH OF MINERAUZATTON
The ty p e  o f m in e ra liz a tio n  and th e  environment in  which i t  
occu rs in  th e  C lin to n  m ining d i s t r i c t  suggest d e p o s itio n  under m esother- 
mal c o n d itio n s*  The v e r t i c a l  range fo r  d e p o s its  such as th e se  i s  
u s u a l ly  m easured in  s e v e ra l  hundreds o r thousands o f f e e t .  The develop­
ment work on th e  v e in s  i s  n o t y e t s u f f i c i e n t  to  dem onstrate the  u ltim a te  
v e r t i c a l  range o f m in e ra liz a tio n  in  th e  d i s t r i c t ,  b u t in  the  Hidden 
T reasu re  v e in , th e  i n t e n s i t y  of f r a c tu r in g  and prim ary  m in e ra liz a tio n  
appears to  be c o n s is te n t  over a v e r t i c a l  range of a t  l e a s t  700 f e e t .  
C e r ta in ly  th e  most prom ising p ro sp e c t of developing ore bodies i s  in  th e  
zone of su p e r gene s u l f id e  enrichm ent. This zone i s  in  th e  a rea  between 
20 and 100 f e e t  below th e  ground s u r fa c e . I t  has been la rg e ly  ignored  
i n  th e  r e c e n t  p a s t  because o f a ttem p ts to  develop paying p roduction  from 
th e  hypogene zone.
TENOR OF THE ORE
S ev e ra l g e n e ra liz a tio n s  can be made in  regard  to  th e  ten o r of
the  o re  a s  found in  th e  d i f f e r e n t  workings of th e  mines of the  d i s t r i c t .
They a re  as fo llo w s :
1 . The ore from the  hypogene zone of the Hidden T reasure mine
has averaged  s l i ^ t l y  le s s  than  two per cen t eq u iv a len t
copper. Assay r e s u l t s  a c ro ss  the  ve in  sometimes run  as high
as 10 p e r  c e n t e q u iv a le n t copper, bu t because of the  n a tu re
6U
of th e  v e in , i t  i s  n e ce ssa ry  to  mine b a rre n  w aste rock along
w ith  th e  o re , th u s  causing  d ilu tio n *
2 . Ore rained from th e  supergene s u l f id e  zone of the Hidden
T reasu re  mine averaged n e a r ly  tw ice as r i c h  as th a t  from 
th e  hypogene zone. In  some a re a s  i t  was mined over w id ths 
o f 10 f e e t .
3* Hue to  th e  d i f f e r in g  m ineralogy, th e  hypogene ore  o f th e
v e in s  w ith in  th e  g ra n o d io r ite  i s  o f a s l ig h t ly  h ig h er grade 
than  hypogene ore in  th e  sed im ents. This ore can be rained 
w ith  l e s s  d i lu t io n  than  th a t  from th e  replacem ent bod ies of 
th e  sedim ents because i t  i s  confined  m ainly to  f i s s u r e  f i l ­
l i n g .
SUGGESTIONS FOR PROSPECTING 
I t  i s  b e lie v e d  th a t  the  success o f fu tu re  m ining v en tu res  in  th e  
d i s t r i c t  w i l l  depend to  a g re a t e x te n t  upon the  scope of th e  o p e ra tio n . 
The d i s t r i c t  does n o t appear to  be fav o rab le  f o r  a la rg e  mining opera­
t i o n ,  b u t  r a th e r  one th a t  can e f f i c i e n t l y  e x p lo i t  numerous sm all and 
s c a t te r e d  o re  bodies w ith  shallow  w orkings. E f fo r ts  should be concen­
t r a t e d  i n  th e  sedim ents near the  g ra n o d io r ite  co n tac t and w ith in  the  
s to c k  i t s e l f ,  e s p e c ia l ly  n ea r i t s  so u th e as te rn  edge. B u lldozer tren c h ­
in g  has proved to  be one of th e  most e f f i c ie n t  ways to  determ ine the  
c o n tin u i ty  o f  th e  v e in s  on th e  su rfa c e . A sm all-d iam eter diamond d r i l l  
shou ld  be used  to  confirm  suspec ted  ore bodies beneath  th e  su r fa c e .
The super gene s u lf id e  zone should be explored on a l l  th e  known 
v e in s , e s p e c ia l ly  in  th e  Hidden T reasure and Cape Nome m ines.
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